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LETTER FROM THE EDITOR AUGUST 03 


Welcome 


The race to develop more powerful and durable rockets is on 


Within the past decade, 
there’s been something of 
a revolution in the world 
of rocketry. Today, there 
are reusable versions of 
what has always been a 
one-use system, with 
SpaceX and Blue Horizon 
both landing first stages that had previously 
propelled a cargo to orbit. On page 43 
spacecraft engineer Ash Dove-Jay looks at 
how commercial rocket companies have 
achieved a pace of development within the 
past 10 years unseen since the Apollo era. 

The Apollo programme had the Moon in 
its sights, and so do we on page 32. Here, 
Will Gater turns around the bad reputation 
our nearest celestial neighbour has when it’s 
in its full phases. While its brightness makes 
faint targets temporarily hard to see, when 
the Moon is shining there are opportunities 
to get absorbed in many other stargazing 
projects. There’s something for imagers and 
visual observers, so don’t put the telescope 
away at the next full Moon. 

This issue went to press at the brightest 
period of the year, around summer solstice. 
On 21 June we marked the longest day of 
2017 at Stonehenge, the great Neolithic 
monument aligned with the midsummer 
sunrise. Forty-five years previously Patrick 
Moore had done the same, capturing the 
moment for a 1972 classic episode. Discover 
whether we got to witness the event on page 38, 


TELEVISION 
Find out what The Sky 
at Night team will be 
exploring in this month's 
episode on page 19 


ONLINE 


Visit our website for 
reviews, competitions, 
astrophotos, observing 
guides and our forum 
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All the details of our 
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and find out more about the astronomical 
events Stonehenge’s builders used the stones 
to mark in our Bonus Content. And we 
celebrate astronomical markers of a more 
powerful kind on page 72, where Govert 
Schilling remembers the discovery of the 
first pulsar 50 years ago in 1967. 

Enjoy the issue! 


Chris Bramley Editor 


PS Our next issue goes on sale 24 August. 


iPad/iPhone 


Get each month's 
issue on your iPad or 
iPhone, now with bonus 
video and images 


TWITTER 

Follow @skyatnightmag 
to keep up with the 
latest space stories and 
tell us what you think 
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Astronomers at ESO's Paranal Observatory pieced together dozens of images 
to create this beautiful mosaic of three nebulae; one of the largest ever released 


VLT SURVEY TELESCOPE, 14 JUNE 2017 


It's not often you see three nebulae captured 
in one image, but that is exactly what ESO's 
VLT Survey Telescope in Chile has managed to 
do, with a little help from image processors. 

On the left is the Omega Nebula, in the 
middle the Eagle Nebula and on the right 
the lesser-known Sharpless 2-54. All three 
are located about 7,000 lightyears away: 
the latter two in the constellation of Serpens 
and the Omega Nebula in the constellation 
of Sagittarius. This region is of particular 
interest to astronomers because of the 
active star formation occurring, as stars 
burst into life and light up the gas clouds 
to create the nebulae. 

Nebulae are some of the most beautiful 
objects in the cosmos. Like meteorological 
clouds on Earth, observers often see in them 
distinct shapes that resemble familiar sights. 
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In the case of M16, the Eagle Nebula, 
its nickname was coined as it is thought to 
resemble a bird of prey spreading its wings. 
It is an emission nebula, which are clouds 
of ionised gas illuminated by the light of 
young stars. Within this bright centre lie 
channels of cold dust and gas known as 
the Pillars of Creation (see inset), made 
famous by the Hubble Space Telescope’s 
iconic 1995 image. 

M17, the Omega Nebula, is named after 
the Greek letter 2 because of how it 
appeared to astronomers observing it in the 
19th century. The astronomer John Herschel 
described it as “nearly that of the Greek 
capital Omega, somewhat distorted” and its 
arching shape has also led it to be described 
as the Horseshoe Nebula and the Swan 
Nebula. Meanwhile, the region around 


Sharpless 2-54 caught the eye of his father, 
William Herschel in 1784. He spotted star 
cluster NGC 6604, which is the bright 
collection of stars just left of the nebula’s 
centre. In the 1950s, American astronomer 
Stewart Sharpless observed the gas cloud 
and the nebula was categorized accordingly. 
Perhaps its shape was not distinctive 
enough to have inspired its own nickname. 
Whatever we personally think about the 
resemblance of nebulae to their given 
nicknames, their forms are bound to change 
over time as the violent process of star 
formation carves out new channels and 
shapes in the surrounding dusty clouds. 


A gallery of these 


and more stunning 
space images 


EYE ON THE SKY AUGUST 07 
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GBO/AUI/NSF, ALMA (ESO/NAOJ/NRAO)/E. O'GORMAN/P. KERVELLA, ESA/HUBBLE & NASA, NASA/JPL-CALTECH/SPACE SCIENCE INSTITUTE 


A Radio ribbon 


GREEN BANK OBSERVATORY & 

WISE TELESCOPE, 15 JUNE 2017 

This glowing, 50-lightyear-long ribbon of 
ammonia stretches through the northern 
portion of the Orion Molecular Cloud. The 
Green Bank Telescope was able to detect faint 
radio signals coming from ammonia 
molecules, while the WISE telescope captured 
the grey/blue dust in the region using its 
infrared vision — resulting in this image, taken 
as part of a study of the Gould Belt, a 
collection of massive bright stars that has a 
diameter of 3,000 lightyears. 
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<The Hunter's shoulder 


ATACAMA LARGE MILLIMETER/ 
SUBMILLIMETER ARRAY, 26 JUNE 2017 


This blob of bright orange is the star 
Betelgeuse, pictured in the highest resolution 
available. Betelgeuse can be found in the 
night sky marking the western shoulder of the 
constellation of Orion, the Hunter. It is 
relatively close to Earth at 600 lightyears and 
has a radius about 1,400 times larger than 
the Sun’s. As a result, when it eventually 
explodes as a supernova, which it is expected 
to do in the next 100,000 years, it may be 
visible from Earth, even in daylight. 
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Looks 
can be 
deceiving > 


HUBBLE SPACE 
TELESCOPE, 
19 JUNE 2017 


It may not look like it, 
but ESO 486-21 is 
classed as a spiral 
galaxy. Located 
about 30 million 
lightyears from Earth, 
it was imaged by 
Hubble as part of a 
survey looking at 50 
star-forming galaxies. 
The pink blotches in 
the image are clouds 
of gas and dust, which 
grow in size until 
gravity causes them 
to collapse in on 
themselves, kicking 
off the process of 
star formation. 


4A frozen 
Earth? 


CASSINI 
SPACECRAFT, 
9 JUNE 2017 


For an icy moon, 
Titan is surprisingly 
Earth-like. The 
Voyager 1 
spacecraft’s flyby 

in 1980 revealed a 
thick, cloudy haze 
with a thinner 
atmosphere above it. 
The Huygens probe 
then landed on 

the moon’s surface 
in 2005, finding 
evidence of a 
methane cycle, 
which we can see in 
this image taken by 
the Cassini orbiter 
from 500,000km 
away. Like the water 
cycle on Earth, 
streams drain into 
ethane and methane 
lakes and oceans (the 
dark patches), then 
evaporate into 
clouds (the light 
patches) before 
raining down again. 
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DAVID WEISS/NASA/BROWN UNIVERSITY 


Bulletin 


The latest astronomy and space 
news written by Elizabeth Pearson 


BULLETIN AUGUST 11 


Martian valleys caused by 


ROCKY RAIN 


Melted groundwater could have carved out long-dry rivers 


14 CHRIS LINTOTT 
16 LEWIS DARTNELL 


Our experts examine the hottest 
new astronomy research papers 


Showers of hot rocks falling to the Martian 


surface after a meteor impact may have created 


a giant flood billions of years after Mars 
is supposed to have frozen solid. 

A recent study came to the 
conclusion while trying to 
explain the formation of 
valleys surrounding the 
1.5- to three-billion-year- 
old impact crater, Lyot. 

These channels appear to 
have been created around the 
same time as the crater, 
carved out by flowing water. 

However, three billion years 
ago, Mars began its Amazonian 
era when the planet became a 
cold and arid desert. 

Other scenarios for the presence of 
enough water to create the valleys, such as 
the impact rupturing a subsurface well of 
water or temporarily raising the temperature 
enough to cause rain, were all discounted. 


Scientists arrived at the apparent solution to 


this riddle by considering another unusual 


feature of Lyot — the scarcity of secondary 
craters around it. Usually following 
an impact the ejected rock rains 
down, scarring the landscape. 
It’s thought that the rocks from 
the Lyot impact, superheated 
to 120°C, melted subsurface 
ice sheets. As well as 
protecting the surface from 
harm, the resulting flood could 
easily have created the valleys. 
“What this shows is a way to 
get large amounts of liquid water 
on Mars without the need for a 
warming of the atmosphere and any liquid 
groundwater,” says James Cassanelli, a graduate 
student from Brown University who took part 
in the study. “So we think this is a good 
explanation for how you get these channels 
forming in the Amazonian era.” 
> See Comment, right 


Crater Lyot, rendered with 
its valleys exaggerated 


COMMENT 
by Chris Lintott 


This result made no sense 
to me when | first saw it. 

| can see how, if there’s 
lots of ice under the surface, 
a dramatic impact might 
produce channels like 
those surrounding Lyot. 
But the crater is at mid- 
latitudes, not equatorial 
but not polar. What was 
the ice doing there? 

It turns out geologists 
have the answer. Mars 
shifts its ice around 
reasonably frequently, 
unlike the Earth. Whereas 
our planet's axis is 
stabilised by the presence 
of the Moon, Mars 
wobbles all over the 
place. That wobble can 
shift ice down towards 
the equator, making it 
available for pounding 
by conveniently 
placed meteorites. 

This mechanism is 
needed during the long, 
dry Amazonian period. 
But meteorites would have 
been more common 
earlier in the history of the 
Solar System, and so if 
ice is being redistributed 
then at least some of the 
older channels we see 
might also owe their 
existence to impacts. 


CHRIS LINTOTT co- 
presents The Sky at Night 
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NEWS IN 
BRIEF 


PLANETS FORM 
ON ICE LINE 

A new study on the 
TRAPPIST-1 system of 
planets could explain 
how its seven Earth- 
sized worlds have 
formed around one 
star. The theory 
suggests that the 
planets started life 

as ‘pebbles’ in orbits 
farther out than they 
are in now, then 
migrated inwards. 
When they crossed the 
ice line, where it 
becomes warm enough 
for water to be a liquid, 
the pebbles massed 
together to form a 
planet before 
continuing to move 
inward and allowing 
the next planet to form. 


FAILED STAR 
SEEN CIRCLING 
DEAD STAR 

A brown dwarf, or 
failed star, has been 
found in a remarkable 
71-minute orbit around 
a white dwarf. It’s 
thought that during the 
white dwarf’s red giant 
phase, the orbiting 
brown dwarf lifted off 
most of its gas. 

“The result is a 

brown dwarf in an 
extraordinarily tight, 
short-period orbit with 
the hot helium core of 
the giant. That core then 
cools and becomes the 
white dwarf that we 
observe today,” says 
Lorne Nelson from 
Bishop's University. 


Several dwarf planets have already 
been found in the Kuiper Belt; this 
one is Eris, discovered in 2005 


Signs point to new 


dwarf planet 


A twist in the Kuiper Belt could be caused by a Mars-sized world 


A new planetary body with a mass between that 
of Mars and Earth may be hiding in the outskirts 
of the Solar System. The latest observations of 
the Kuiper Belt, the region of icy bodies 
surrounding the Solar System, have shown that 
the region is warped, potentially pulled off 
kilter by an as yet undiscovered dwarf planet. 

When researchers analysed the orbits of 
over 600 Kuiper Belt objects (KBOs), they found 
that objects in the inner region lie, on average, 
in the same plane as the planets. However, 
between 50 and 80 AU (1 AU is the distance 
between the Earth and the Sun) the KBOs 
were twisted out of line by around 8°. 

“The most likely explanation for our results 
is that there’s some unseen mass. According to 
our calculations, something as massive as Mars 
would be needed to cause the warp that we 
measured,” says Kat Volk, from the University 
of Arizona who took part in the study. 

The proposed object would orbit at around 
60 AU, but despite being larger than several of 
the inner planets, would not earn the title itself. 
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In 2006, the International Astronomical Union 
set out that fully fledged planets must have 
cleared their orbits of debris. As it has not, the 
object would be classed as a dwarf planet. 

Other explanations for the warp have also 
been considered, including a recent close pass by 
a star which pulled the objects out of line. 

“Once the star is gone, all the KBOs will go 
back to precessing around their previous plane. 
That would have required an extremely close 
passage at about 100 AU, and the warp would be 
erased within 10 million years, so we don’t 
consider this a likely scenario,” says Renu 
Malhotra, also from the University of Arizona 
who also took part in the study. 

If there is a dwarf planet, it could prove 
difficult to track down, as its orbit is thought to 
pass in front of the galactic plane. This area is 
packed with stars, but it’s hoped that the Large 
Synoptic Survey Telescope, due for first light in 
2020, will be able to spot the latest member of 
our Solar System amongst the background glow. 
www.arizona.edu 


PLATO moves off drawing board 


The space telescope could find a potential second Earth 


ESA officially adopted the Planetary Transits and 
Oscillations of Stars (PLATO) mission on 20 June, 
allowing the spacecraft to move from blueprint to 
reality and begin its construction phase. 

The observatory will orbit the Sun 1.5 million km 
from Earth and monitor thousands of stars, 
searching them for temporary dips in brightness 
caused by a planet passing in front. It will be 
capable of detecting Earth-sized planets as well 
as determining their masses, sizes and ages — with 


Planet analyser 
PLATO could launch’ 
as early as 2026 © 


the ultimate hope that the telescope could finally 
end the hunt for a second Earth. 

“The launch of PLATO will give us the 
opportunity to contribute to some of the biggest 
discoveries of the next decade, answer 
fundamental questions about our existence, and 
could eventually lead to the detection of extra- 
terrestrial life,” said Don Pollacco, the PLATO 
science coordinator at the University of Warwick. 
hitp://sci.esa.int/plato 


First stellar gravitational lens discovered 


Gravitational lensing caused by a single star outside 
the Solar System has been measured for the first 
time, using the Hubble Space Telescope. 

Researchers found the lens by predicting when 
Stein 2051B, a white dwarf 17 lightyears away, 
would pass in front of another star 5,000 lightyears 
away. When the light from the distant star passed 
by Stein 2051B it was deflected by 2 milliarcseconds, 
which the team was able to detect with Hubble. 

The effect was famously first observed by Sir 
Arthur Eddington in 1919, around the Sun during a 
total eclipse, but previous attempts to see it around 
a distant star have failed, as the separation is 1,000 
times smaller. Even Einstein thought it impossible: 
“There is no hope of observing this phenomenon 
directly,” he wrote. 

The observation allowed the astronomers to 
directly measure the mass of Stein 2051B to be 
68 per cent the mass of our Sun. The technique will 
be used in future to measure the masses of other 


white dwarfs, an important step to understanding 
the supernovae that create them. 
http://hubblesite.org 


Stein 2051B and the smaller 
star it lensed; at a glance they 
appear binary but they are 
almost 5,000 lightyears apart 
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NEWS IN 


CHEMISTRY OF 
LIFE SPOTTED 


One of the ingredients 
for life as we know it 
has been found in a 
stellar nursery by ALMA. 
The cloud contains methyl 
isocyanate, a compound 
involved in the creation 
of amino acids and 
proteins which form life. 
The cloud contains infant 
stars that will one day be 
much like our own Sun. 
“This implies that this 
molecule — and thus the 
basis for peptide bonds 
— is indeed likely to be 
present near most new 
young solar-type stars,” 
says Niels Ligterink from 
the Leiden Observatory 
who co-led the study. 


SPACEX’S 
DOUBLE 
LANDING 


Spaceflight company 
SpaceX met one of its 
key goals on 23 June 
when it launched and 
landed two missions 
within 48 hours, the 
first time such a feat 
has been achieved. 
The ability to launch in 
quick succession is 
crucial to lower-cost 
access to space. The 
first flight launched on 
21 June from Cape 
Canaveral, the booster 
rocket of which had 
previously been used in 
January. The second 
rocket was launched 
two days later from the 
Vandenberg Air Force 
Base in California. 
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CUTTING 


Our experts examine the 
hottest new research 


keeping them faint. On the other hand, they 

might form like normal spiral galaxies. Supporters 
of this idea reject the notion of a separate category 
of ultra-diffuse galaxies; spirals come in all sorts 
of brightnesses, they say, and these are just the 
most extreme. If this group is right, then we should 
expect to see systems looking like UDGs away from 
clusters too, in less dense environments. 


ls this nature or nurture? 


We can't quite work out how the ultra-diffuse 
galaxies found in galaxy clusters came to be 


It’s rare that you get the chance to make such 
a clean test of an idea, but in a new paper by Remco 
F J van der Burg and colleagues the authors go 
hunting for UDGs not in clusters, but in groups 
like our own Local Group; collections of just a few 
galaxies that lie between truly isolated systems and 
big galaxy clusters like Coma or Virgo. They use 


Dragonfly 44 is one of the 
UDGs in the Coma Cluster. 
It is about the same mass as 
the Milky Way, but only 


PIETER VAN DOKKUM/ROBERTO ABRAHAM/GEMINI/SLOAN DIGITAL SKY SURVEY 


tudying faint galaxies has long been a 

favourite pastime for astronomers, but 

there’s new interest in some very faint 

systems indeed. That stems from a paper 
from 2015, which pointed out that a set of very 
large, faint systems dubbed ultra-diffuse galaxies 
(or UDGs) was lurking in the Coma Cluster. 
Once people thought to look, such systems were 
quickly found in other clusters — in Fornax, 
Virgo and even more distant clusters studied 
with the Hubble Space Telescope. 

But how did they get there? There are a few 
possible explanations. Some believe these UDGs are 
failed galaxies, systems that never got around to 
forming stars. In this scenario, UDGs would be 
fairly massive despite their faintness, explaining 
why they seem to hold themselves together even 
in the disruptive environment at the centre of a 
cluster of galaxies. The environment would have 
a significant effect, though, as interactions with 
other galaxies and the disruption that follows 
might be responsible for stopping star formation, 
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"emits one per cent of the 
light our Galaxy does 


CHRIS LINTOTT is an 
astrophysicist and 
co-presenter of The Sky 
at Night on BBC TV. 

He is also the director 

of the Zooniverse project. 


data from a survey called KiDS, carried out with a 
small telescope next to the giant VLT in Chile, and 
GAMA, which provides galaxy spectra from the 
Anglo-Australian telescope. 

Key to this work is not just finding galaxies in the 
data, but making sure you know what you can and 
can’t expect to recover. To work out how many 


UDGs are there but beyond our observing 
capability, the team processed simulated images 
to see how many were missed. With this in mind, 
they found that one in five groups the size of the 
Local Group contained a UDG, a number they 
are now fairly certain is reliable. It turns out the 
more massive the group, the more UDGs there 
are, but they exist even in small groups. 

This is either the most frustrating or the most 
interesting result possible. The fact there’s a 
difference supports those who think that 
environment matters, but the fact they exist in 
small groups suggests it’s not telling the whole 
story. It’s possible that rather than forming more 
easily in clusters, such systems are fragile and 
easily destroyed in groups. The next step will 
be to take a careful look at such systems in 
different galaxies; now we know they’re there, 
we can see if they really are the same. 


CHRIS LINTOTT was reading... The abundance of 
ultra-diffuse galaxies from groups to clusters: UDGs are 
relatively more common in more massive haloes by 
Remco F J van der Burg et al. 


Read it online at https://arxiv.org/abs/1706.02704 
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Exoplanet tally keeps rising 


Hundreds more candidate alien worlds have been found in Kepler data 


219 new candidate 
planets have been 
announced, 10 of which 
could be Earth-like 


NASA has announced hundreds of new exoplanet 
candidates, including 10 Earth-sized worlds 

in their stars’ habitable zones, found using 

the Kepler space telescope. 

Though Kepler’s main observing mission has 
ended, the team are still analysing the data to 
ensure they find every possible planet in the images. 
Over 4,000 exoplanet candidates have been found 
so far, half of which have since been verified. 

“The Kepler data set is unique, as it is the only 
one containing a population of these near Earth- 
analogues — planets with roughly the same size and 
orbit as Earth. Understanding their frequency in the 
Galaxy will help inform the design of future NASA 
missions to directly image another Earth,” says 
Mario Perez, Kepler’s program scientist. 
http://keckobservatory.org 


Galaxies line up across the Universe 


The largest galaxies in the Universe have been 
lined up for at least 10 billion years, according to 


recent observations by the Hubble Space Telescope. 


Astronomers have long known the largest 
galaxies point towards each other, but when 
and how this happened remains a mystery. By 
observing 65 galaxies whose light has been 
travelling for billions of years, astronomers 
have been able to calculate that galaxies were 
already aligned by the time the Universe was 
a third of its current age. 

“It’s an important new piece of the puzzle 
because it says that whatever caused these 
alignments happened early,” says Michael West 
from the Lowell Observatory, who led the study. 
https://lowell.edu 


4 The most expansive galaxies in the cosmos all seem 
to point to each other, but we don’t know why this is 


LOOKING BACK THE SKY AT NIGHT 


August 1996 


On 18 August 1996 The Sky at 
Night reported on what could 
have been a momentous 
discovery — potential microbial 
fossils in Martian meteorite Allan 
Hills 84001. 

The four-billion-year-old rock 
was discovered in Antarctica in 
1984. A decade later, when 
researchers examined the rock 
under an electron microscope, they 
found chain structures embedded 
in the rock that might have been 
the remains of bacteria. 


Not everyone was convinced, 
however, as the structures were 
only 20-100nm in diameter, smaller 
than any cellular life known. Most 
other potential biomarkers in the 
rock were quickly discounted, though 
one still remains. The meteorite 
has high levels of magnetite. On 
Earth, such concentration is only 
created by the actions of microbes 
on the rock and so, though most 
scientists have dismissed the 
‘fossils’ as a red herring, the 
debate does still continue. 


Mysterious structures were seen in 
the rock using an electron microscope 


NEWS IN 
BRIEF 


A TALE OF TWO 
EXOPLANETS 


Two exoplanet ‘cousins’ 
could help us answer 
whether hot Jupiters are 
mostly governed by how 
they formed or how they 
grew up. They orbit 
nearly identical stars, 
are virtually the same 
size and temperature, 
but one is far cloudier. 
“If their measured 
composition is defined 
by their current state, 
then it should be the 
same for both planets. 
Instead, it looks like 
their formation histories 
could be playing an 
important role,” says 
Kevin Stevenson of 

the study from the 
Space Telescope 
Science Institute. 


CHINA PLANS 
HUMAN 
SPACEFLIGHT 


The Chinese Space 
Agency has announced 
a new selection round for 
astronauts and outlined 
plans for the future of a 
Chinese Space Station. 
All previous Chinese 
astronauts have been 
air force pilots, but the 
new batch will be drawn 
from more diverse 
backgrounds. “Scientific 
experiments are going 
to be a major part of 
the new space station, 
so we're going to need 
astronauts who have 
the right backgrounds,” 
says Yang Liwei, 
China’s first astronaut. 
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Our experts examine the 
hottest new research 


Some exoplanets may 
be born wanderers 


Rogue worlds could outnumber the stars in our Galaxy 


-— so could our Solar System have a visitor one day? 


number of exoplanets have been 

discovered with an orbit that isn’t 

aligned with the spin of their host star. 

Of the 87 ‘hot Jupiter’ exoplanets that 
we've been able to measure the spin-orbit angle of, 
about 40 per cent show a significant misalignment 
and nine are in retrograde orbits, meaning they 
orbit the opposite direction to what is expected. 
This implies that they didn’t form out of the 
rotating disc of gas and dust around the young star 
that created the other planets of the system. They’re 
not native to that planetary system, but were born 
elsewhere and arrived as immigrants, drifting as 
‘free-floaters’ through the cold depths of interstellar 
space before being gravitationally captured into a 
greatly tilted or even retrograde orbit. 

These free-floater gas giants could have been 
ejected from their own planetary system during 
turbulent early times of shifting orbits. But many 
drifters may not have been created in the ‘normal’ 
way in a planetary formation disc around a young 
star at all. Perhaps they were actually born without 
a home star: high-speed blobs of gas throw-out by 
supernovae may collapse to form gas giant planets. 
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Free-floating gas giants: 
could form from blobs of 
gas spat out by supernovae 


LEWIS DARTNELL is an 
astrobiology researcher 
at the University of 
Westminster and the 
author of The Knowledge: 
How to Rebuild our World 
from Scratch (www.the- 
knowledge.org) 


Worlds born as wanderers. For example, 
observations of the Helix Nebula show more than 
40,000 gassy blobs. If these do indeed collapse to 
form free-floating planets, and the Helix Nebula 

is typical, then this implies that homeless and 
free-floating Jupiter-mass planets might outnumber 
stars in our Galaxy 1,000 to one. If these numbers 
are right, how likely is it for these free-floaters to 

be captured into a planetary system? 

Nadav Goulinski and Erez Ribak, both at the 
Israel Institute of Technology, have been looking 
into this. They used three-dimensional computer 
models of a host planetary system, comprising a star 
and a single, Jupiter-mass orbiting planet, and 
simulated what happened when a free-floater swung 


into the system. There are three outcomes from a 
three-body scattering simulation like this: the 
free-floater passes right through the system like a 
fly-by, becomes captured into orbit, or kicks-out the 
native planet to replace it, like a planetary cuckoo. 
By tweaking variables such as the masses of the 
free-floater and host star, and the angle and approach 


velocity, Goulinski and Ribak were able to explore 
which were the most likely outcomes. 

What they found is that most free-floaters that 
did become captured were only loosely gravitationally 
bound, ending up looping around their new host 
star in a very elongated, eccentric orbit. This makes 
them vulnerable to being booted back out into 
interstellar space again by interactions with other 
planets in the system. But such interactions can 
also cause the former-floater to lose energy and 
so settle into a tighter orbit. 

Overall, their simulations predict a pretty high 
capture rate in our Galaxy — they estimate that about 
one per cent of all stars experience the temporary 
residence of a free-floating planet during their 
lifetimes. This assumes that giant drifters are indeed 
formed in large numbers from the gassy blobs seen 
thrown-out by supernovae, but it at least raises the 
possibility that our Solar System may be visited by 
a migrant world in the next few billion years. 


LEWIS DARTNELL was reading... Capture of Free- 
Floating Planets by Planetary Systems by Nadav 
Goulinski, Erez N Ribak 

Read it online at https://arxiv.org/abs/1705.10332 
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The great Total Solar Eclipse on 


August 21st sweeps across the US 
from Oregon to S. Carolina and if 
you re lucky enough to be off to see 
it, we have everything you re likely 
to need and will be shipping right up 
until the last minute. From eclipse 
shades to travelling H-alpha set-ups 
we can advise on what to take with 
you. Visit us in store to see the full 
range of options available - or call 


us for the best advice & prices. 
Before that, join us on Saturday 


August 12th for the SW Astrofair at 

the Norman Lockyer Observatory in 
evon. Chance to see some great 

new products and Summer Specials 


www.southwestastrofair.com 
~»> 
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IN 2008, THE KAF-8300 SMP SENSOR STARTED A REVOLUTION 
IN LOW COST, HIGH RESOLUTION ASTROPHOTOGRAPHY. 
NOW IT HAS A SUCCESSOR... 


The KAF-16200 boasts nearly twice the 
number of pixels as the KAF-8300 on an 
**  APS-H size sensor with a 35mm diagonal. 


This.means that the incredible increase in resolution 
doesn’t come ,at: the cost of smaller, less sensitive 
pixels as it sometimes does. In fact, the pixels on this 
new sensor are actually slightly larger at 64m 
compared to the KAF-8300’s 5.4m. Full well depth 
has. also been significantly increased to allow us to 
capture accurate star colours and faint details all in the 
same shot. 


But despite its increase in size, the sensor isn’t so large 
as to require specialist astrograph telescopes. Fro 


Atik is delighted to announce the Atik 16200 camera 
pairs this incredible new sensor with all the great 
shorter refractors giving incredible widefield views 
right through to longer focal lengths, the KAF-16200 
and it’s 6um pixels are a great match for a huge range 


features you’ve come to expect from an Atik Camera. 
With class-leading electronics providing very low read 
noise, powerful cooling to a maximum -50°C delta, a 
of scopes. It can also use 2” mounted filters to add compact curtain shutter, and an on-axis sensor for easy 
LRGB or narrowband data to your images. balancing, it’s our signature blend of -form «and 
function. And of course, you also have access to our 
powerful and intuitive software as well as our personal 


Atik support. 


LET THE SECOND 
* REVOLUTION BEGIN 


Photo credit: Vince Bygrave 


sATIK 


@ CAMERAS 


Atik Cameras are available from 
most major astronomy retailers. 


For more information visit 
www.atik-cameras.com 


SOLARSPHERE X 4, SOUTHWEST ASTRONOMY FAIR, JOHN ELDER, ISTOCK, ISTOCK 


What's on 


Our pick of the best events from around the UK 


ili, 


4 At Solarsphere you'll have the chance to learn about the night sky as well as see it 


Solarsphere 2017 


Penmaenau Farm, Powys, 11 -14 August 2017 


Solarsphere is a not-for-profit, family 
friendly astronomy and live music festival 
set in the picturesque Welsh countryside. 
The event is aimed at all astronomy skill 
levels, from those who have never lifted 
a telescope before to experienced amateurs, 
and features observing sessions, talks 
and workshops for all ages. 

BBC Sky at Night Magazine 
contributor Mark Townley will be leading 
solar observing sessions throughout the 
weekend, while our binocular expert Steve 
Tonkin will reveal 10 ways the Universe 
tries to kill you. Cosmos Planetarium will 
be on site with their mobile planetarium 
giving virtual tours of the Universe, and 
astro imager Mary Mcintyre will host 


lunar sketching workshops. iTelescope 
will also be hosting remote telescope 
demos, showing how with a computer 
and an internet connection anyone 
can harness some of the most powerful 
telescopes in the world. 

All talks are held indoors to reduce 
light pollution, and the festival also offers 
a ‘Red Torch Field’ for those who do not 
want their observing spoiled by white 
light. Tents, caravans, campervans and 
mobile homes are welcome free of 
charge. Showers, indoor catering and 
toilets are available on-site. 

For a full line up, prices and to book 
tickets visit the festival website. 
www.solarsphere.events 


THE SKY AT NIGHT IN AUGUST 
EXENG Four, 13 August, 10pm (first repeat EXEN@ Four, 17 August, 7.30pm)* 


IT CAME FROM OUTER SPACE 
Maggie and Chris investigate the 
strange space debris that makes its 
way to Earth, landing on the surface 


| or burning up in the atmosphere. 


The team reveal how these space 
rocks may carry the precursors to 
life or clues about how the Moon 
was formed, and how to find space 
dust on the roof of your house. 


Not all meteors burn up in our atmosphere; *Check www.bbc.co.uk/skyatnight 
fragments of some make it down to Earth for subsequent repeat times 


WHAT'S ON AUGUST 19 


South West Astronomy Fair 


Norman Lockyer Observatory, Sidmouth, 12 August, 
9.30am to 5.30pm 


Join local astronomers 

for a day of planetarium 

shows, presentations, 

historic telescope talks, 

| solar observing, trade 

j stands and activities 

for children. This year’s 

| speakers include 

Prof Nick Evans of the 
i] University of Southampton, 

BBC Sky at Night Magazine news editor Dr Elizabeth 

Pearson, spectroscopy expert David Boyd and 


astronomy writer Chris Starr. 
www.southwestastrofair.com 


Spot the Perseids at Galloway 


Dark Sky Park 


Galloway Forest Park, 12/13 August, 9pm 
A certified Dark Sky Park is 


one of the best places to spot 

a Perseid meteor. Galloway 

is hosting two observing sessions 
this year: at Kirroughtree Visitor 
Centre on 12 August and the 

1 following evening at 
Clatteringshaws Visitor Centre. 
Tickets are £15, £8 for children 
aged 3-12 years old and £38 
for a family. Visit the Forestry 


Commission Scotland website for booking info. 
www.scotland.forestry.gov.uk 


Beginners’ Evening: 


Telescope Surgery 


Ranmoor Parish Centre, Sheffield, 22 August, 7.15pm 


Join Sheffield Astronomical 
Society for an evening of 
telescope maintenance 
and repair. Society 
astronomers will be 

on hand to answer 
questions about your kit 
and give advice as to how 
you can keep your scope 
in tip-top condition. Entry 
is £3 for non-members and £1 for concessions, free 


for members of Sheffield Astronomical Society. 
www.sheffieldastro.org.uk 


MORE LISTINGS ONLINE 


Visit our website at www. 
skyatnightmagazine.com/ 
whats-on for the full list of 
this month’s events from 
around the country. 


What's on 


To ensure that your talks, 
observing evenings and star 
parties are included, please 
submit your event by filling 
in the submission form at 
the bottom of the page. 
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ADVERTISEMENT FEATURE 


GUIDE TO 


SOLAR 


ASTRONOMY nN 


Summer is the time to discover 
daytime astronomy and the wealth 
of detail visible on our nearest star 
with certified solar equipment 


365Astronomy offers possibly the widest range of products fi 
solar observation & photography in the Uk: purpose built solar 
telescopes from Lunt, Coronado, aystar, Primaluce Lab; Herschel 
wedges from Lunt, Baader, Lacerta; Quark solar eyepieces from 
aystar and a wide range of accessories for solar observations and 
photography: Astro Solar Safety Films, telecentric accessories, 
solar continuum filters, energy rejection filters. We are the sole 
distributor of Lacerta’s unique Brewster-angle Hershcel-wedges. 
We also use many of these products ourselves in our observatory 
and at star parties. 


Green Witch sells Solar Telescopes from 
Coronado, Lunt and Solarscope backed up by 
friendly expert advice. Let us help you choose 
the model that is right for you. We also supply 
solar filters, solar film and solar projectors 
suitable for families, youth groups and schools. 


i a” om 


: 


Astromount has teamed up with some leading astro-imaging figures 
to run a series of courses, all of which are designed for the experienced, 
as well as the beginner photographer. The courses aim to inspire both 
practicing, and armchair astronomers. Join us and find out the tips and 
tricks to make your imaging easier and better. Our Solar Astronomy: 
Observing and Imaging our Sun course incorporates telescopes types 
and setups used for solar imaging including white light, Ha, and Cak, 
and use of double stack systems, types of cameras, collimation, 
focusing, image size, capturing the data, pre-processing, stacking 
videos and still images, final processing, base use popular software. 
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two years ago 

that I was standing 

with Chris at 
Johns Hopkins 
University as the New 
Horizons spacecraft 
swung past Pluto to 
reveal a body full of 
mysteries. But it is, and 
24 months on the data 
sent back by the probe 
is still baffling us and 
throwing up more 
questions than answers. 

The mission took 
nearly 10 years to get to 
Pluto and flew past the 
planet at a speed of 
52,000km/h and a closest 
distance of 12,500km. 

Its images revealed a dwarf planet 
with regions of mountains made of 
water-ice so cold that it has rock-like 
properties; mountains as high as the 
Rockies and complete with frosting on 
top. Ranges like these are usually found 
on active bodies with volcanic activity 
or plate tectonics. It had always been 
assumed that Pluto had long ago ceased 
to be active, so what was causing these 
ranges? They also revealed a bright, 
white heart-shaped feature, which was 
named the Tombaugh Regio after the 
American astronomer who discovered 
Pluto in 1930, Clyde Tombaugh. It was 
seen that the heart had two distinct 
areas, one of which was thought to be 
a huge plateau. 


— t hardly seems 


A PASSION FOR SPACE AUGUST 21 


PASSION FOR 


SPAC 


with Maggie Aderin-Pocock 
Two years on, The Sky at Night presenter looks back 
at what the New Horizons emyey told us about Pluto 


New Horizons revealed Pluto 
not to be dim and dull, but a 
world of rainbow colours 


As more images were downloaded from 
the New Horizons LORI camera, we saw 
areas of vivid colour — red, blue and white. 
The blue areas were thought to be methane- 
ice, while the reds were associated with 
hydrocarbons and the white areas were 
thought to be other ice formations. 


Colour crossover 

This colour also extended to Charon, 
where similar red colouring was observed 
at the north pole. At the time, there was 
some speculation that this could have 
been caused by a meteor impact, but 
another theory suggested that the tight 
binary system formed of Pluto and 
Charon could enable the red material 
from Pluto to be gathered and collected 
by Charon, settling on its surface. 


As more data has 
trickled in from New 
Horizons we are getting 
some answers. Another 
red spot has been 
detected on Charon’s 
south pole. This strongly 
indicates that there has 
been an exchange of 
matter between Pluto 
and the moon, and the 
red material found on 
Pluto is similar to the 
substance that sits at 
the poles of Charon. 

The plateau in 
the Tombaugh Regio has 
turned out to be a dip 
and since named the 
Sputnik Planitia. The 
jury is still out on there being a heat source 
causing the dynamic surface of Pluto. 
Much evidence indicates that there could 
be a radiogenic source generating the heat, 
but considering the age and size of Pluto it 
would be surprising if this was still active. 

As we ponder the data gathered on 
the Pluto system, New Horizons in 
preparing for its next rendezvous in the 
Kuiper Belt, with an object discovered 
by the Hubble Space Telescope called 
2014 MU69. New Horizons is due to reach 
it on 1 January 2019, so soon we will have 
another object to consider, out of the 
many that sit in the dark zone beyond 
the orbit on Neptune.@ 


Maggie Aderin-Pocock co-presents The 
Sky at Night and CBeebies Stargazing 
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The return of a classic mount! 
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EXOPLANET EXCURSIONS AUGUST 23 


JON CULSHAW’S 


EX. 


SPLANET 
‘EXCURSIONS 


Jon nips over to sweltering Kelt 9b, the hottest world ever discovered 


going on a daring, mercifully 
brief flypast ofthe hottest | . 
exoplanet astronomers are 
aware of — Kelt 9b. It is 620 lightyears 


‘ away in Cygnus, orbiting the star HD 


195689. This is a bluish-white main 


sequence star of spectral class Al, young . 


and hot, an incandescent, colossal 
sphere of molten silver. 

Kelt 9b was discovered using the 
charmingly named Kilodegree Extremely 
Little Telescope, a name that makes you 
wonder if this was the piece of kit used to 
discover the Clangers. This incredible 
planet is most likely to be a gas giant, as 
it’s very much larger than Jupiter but 
only half as dense. Such is its proximity 
to its searingly hot star —a single orbit 
only takes 1.5 Earth days —that it has 
puffed up to be 2.8 times Jupiter’s size. 

It'll be intriguing to consider the 
difference in activity between the side 
permanently facing the home star and 
the side in constant night on this tidally 
locked, super gas giant. So we’re 


or this exoplanetary trip, we’re, | 


positioning the good ship Perihelion 
facing the night side of the planet — at 

a safe distance — to get the best sense 

of the raging effervescence of the hottest 
exoplanet we know of. Even the ship’s 
robust heat shields and convection . 
dissipators will not protect us 
indefinitely, so this trip has to be 

quick. An exoplanetary ‘bank job’! 

It’s certainly an arresting sight. 
Positioned where Kelt 9b blocks the light 
of the star HD 195689, a'steel-grey light 
shimmers around a darker, ominous 
disc. The light shields of the Perihelion 
give us a vision reminiscent of those 
long-exposure solar eclipse images where 
the lunar features are visible surrounded 
by a well defined, spindly solar corona. 

Here, within the silvery outer glow, we 
see evidence of ferocious heat from the 
day side of the planet being savagely 
transferred to the night side. Across the 
face of Kelt 9b, spiralling formations 
interlock and intertwine in battleship 
greys and mud browns, strikingly similar 
to those we know from Jupiter. 


‘It’s a fearsome vision and after only a 
couple of minutes,-with the heat shields 
at maximum capacity, the inside of the 
ship begins to feel oppressive, like having 
been in a sauna too long. I must leave, 
and do so damned quickly. 

After an emergency hyperspace leap, 

I settle the Perihelion close to Pluto to 
cool off. It’s a peaceful spot to consider 
how the outer parts of Kelt 9b are likely 
being stripped away by the unimaginable 
heat of the star. A planet undergoing slow 
destruction, until eventually all that is 
left is a mightily hot, rocky core. 

Then I remember something I only 
noticed subconsciously at first. What 


‘were those strange, skipping, streaking 


dots of light? Seemingly positioned ina 
pattern, altering formation every few 
seconds. Were they some kind of lens 
flare? Or an alien technology harnessing 
the energy of the hottest exoplanet so far - 
discovered? : 


Jon Culshaw is a comedian, impressionist 
and guest on The Sky at Night 
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Interactive 


EMAILS 4 LETTERS 4 TWEETS 4 FACEBOOK 


Email us at inbox@skyatnightmagazine.com 


om §€§=>6| ome 
STARGAZ STARGAZIN THE 


HONTH-BY-HONTH 
STARGAZING 
2017 


PH | LI P’S The ‘Message of the 
Month’ writer will 

receive four top titles courtesy of 
astronomy publisher Philips: Robin 
Scagell’s Complete Guide to Stargazing, 
Sir Patrick Moore’s The Night Sky, Robin 
Scagell and David Frydman’s Stargazing 
with Binoculars and Heather Couper and 
Nigel Henbest’s Stargazing 2017. 


Tales from 


THE EYEPIECE 


Stories and strange tales from the world 


The Perseid meteor shower is one of 
the ‘must see’ events in the celestial 
calendar, with the long summer nights 
providing an awe-inspiring backdrop 
to a feast of shooting stars. It’s a 
spectacular show that draws not just 
seasoned observers, but members of 
the public at large who have their 
more-than-just-a-passing interest in 
astronomy annually rekindled. When 
inviting anyone along to observe the 
night sky, not just for the Perseids, don't 
make the mistake | made by not having 
met them face to face beforehand, as 
having to ask complete strangers in 
the wee small hours of the morning 

if their name is Luke and how many ~ 
shooting stars they've seen so far can 
lead to some embarrassment! j 


Jonathan 
Powell is the 
astronomy 
correspondent 
for the South 
Wales Argus 
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of amateur astronomy by Jonathan Powell 


Seeing without seeing a 


I have just finished reading your article camera propped on a fence post. 

about noctilucent clouds in the July issue I now realise after all these years that 
and one of the photographs suddenly I had captured noctilucent clouds! I 
triggered my memory. In July 2010 I was remember the orange glow from the 
camping with my son at a cycling event Sun disappeared but the white ‘clouds’ 
at Brands Hatch racing circuit in Kent. remained for some time after. 

We sat outside the tent late into the Tony Pagett, Kingswinford, West Midlands 
evening enjoying an amazing panoramic 

view of a beautiful sunset. Just because How satisfying to have helped you join the 
I liked the look of the sky, I took a photo dots, Tony. What a spectacular NLC 

of it well after sunset with the last space display — no wonder you remembered it 
on the memory card of a very cheap after all this time! - Ed 


4 Tony's unintentional astrophoto — a sky full of noctilucent clouds that many dream of seeing 


Frame and glory 

After 
receiving 
the postcards 
from August 
2016’s issue 
I thought 
they looked 
so good that 
I decided to 
frame them. 
I managed to find a frame that could fit all 
of the postcards in, with only a small 


© Tweets 


Paul Barrett 
SM @paulbarrett]964 © Jun 18 
@skyatnightmag Brecon 


Beacons last night 


amount of trimming. The only problem 
was that there was a missing gap in the 
centre so I decided to put a photo of the 
Moon I took with my Sky-Watcher 


telescope and my Canon compact camera. 
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4 The lucky winners with their new telescopes 


Sir Patrick Moore passed away in 2012 
after a lifetime of encouraging young people 
to engage with astronomy. Through The Sky 
at Night programme, his books, articles 
and lectures, Sir Patrick inspired generations 
of amateur and professional astronomers. 

In 2015, we launched an annual Sir Patrick 
Moore Astronomy Competition in Plymouth 
to continue his work and encourage children 
in the city to engage with and enjoy astronomy. 
Each year they are invited to submit their 
drawings, paintings or photographs of the 


Se 


SOCIETY in focus 


Moon in memory of Sir Patrick. Thanks to 
generous support we have again been able 
to present Plymouth children with everything 
they need to start exploring this topic. 

It is a great testament to Sir Patrick that 
people are so exceptionally generous and 
supportive whenever his name is mentioned. 
The National Union of Teachers and the 
NASUWT teaching union sponsored the 
purchase of five telescopes as prizes. The 
British Astronomical Association donated 
BAA pens, keyrings and observing guides 
and BBC Sky at Night Magazine sent 
copies of their latest bookazines. 

Lord Mayor Cllr Wendy Foster and her 
Consort Cllr Ken Foster attended the event, 
which was hosted at Plympton Academy, 
which made the presentation even more 
special for the children and young people. 

| hope that we are able to continue Patrick’s 
work of encouraging the next generation of 
astronomers for many years to come. 
Martin Edmonds, organiser, Sir Patrick 


Moore Astronomy Competition 
4 


Overall I am very happy with the result 
and I thank you for putting such great 
postcards in your magazines! 

William Evans, aged 13, via email 


What a great display, William, and your 
lunar image is a wonderful addition. - Ed 
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© Tweets 


Szabolcs Nagy 
@metrolinaszabi ¢ Jun 25 
@universetoday @skyatnightmag 


@VirtualAstro #ISS Solar transit 
(465km away) — 21st June from 
#London. Video summary: 
https://youtu.be/ruYiKzyTFg4 


Clang-tastic 

—— I’ve been a fan of 

; | The Sky at Night for 
over 50 years and 
} more recently I’ve 
been enjoying the 
‘Astrobaking’ 
recipes by 
Katherine Kilgour 
on your website. So imagine my delight at 
seeing this gorgeous and tasty birthday 


cake baked by my daughter Clare Oswald. 
Katherine Livingstone, via email 


The silver icing is out of this world! What 
a wonderful surprise for you, Katherine. 
Many happy returns! - Ed 


Moon misery 


As a deep-sky imager, I write to ask if the 
powers of The Sky at Night team might be 
able to do something about the Moon? 
As interesting as it is (and with sincere 
apologies to lunar imagers) it has a 
tendency to obliterate those wonderful 
objects that I and others love to image. 

I ask this as, in past few months, the only 
clear nights I have experienced have 
coincided with full or nearly full Moons 
—as lovely as it is, as interesting as it’s 


| © Tweets 


Chris William Anthony 
@CWilliamAnthony ¢ Jun 20 
@skyatnightmag @ 
BBCStargazing my friend 
Robert's work.. not bad eh :) 


is. 


INTERACTIVE AUGUST 25 


many craters and features may be, it lights 
up my garden like a celestial searchlight. 
While it may help me to find my hedgehog 
feeding station, it really does destroy any 
option of deep-sky imaging. To once again 
view the wonders of distant galaxies and 
stunning nebulae —I am missing them. 
Despite the undoubted chaos of not having 
a Moon, I do wish it would go away! 
Charles Thody, via email 


I'm afraid there’s nothing we can do about 
the Moon, Charles! But do turn to page 33 
where we have some ideas to help you turn 
a monthly frustration into some useful 
imaging time. - Ed 


© Tweets 


Matt Robinson 
; @Astro_Matt27 ¢ Jun 15 
5 @skyatnightmag NLC season is 


upon us. Here are some from last 
year taken from Newcastle & 
Sunderland. #NoctilucentClouds 


~ 


os ts as i ae 


Meanwhile on 
FACEBOOK... 


WE ASKED: This summer’s US eclipse is fast 
approaching. Are you planning to view it? If 
so, where and how? 


Bill Powell 

lam very fortunate to live in the path of totality. 
| have decided to keep things simple. | will be 
using 20x80 binoculars on a parallelogram- 
style mount, and eclipse glasses. 


Rebecca Scott 

New York city at the top of the Rock for a 
partial eclipse, told my boyfriend the trip was 
for his birthday... 


Andrew Gray 
Corvallis in Oregon as part of a West Coast 
tour. Eclipse glasses and DSLR for me. 


Brendan Scoular 

Going to see the eclipse near Jackson Hole, 
Grand Teton National Park, Wyoming. 
Hoping for over two minutes of clear sky 
Totality! As a newbie to viewing the solar 
eclipse I’m doing away with my camera and 
going for the sheer, full-on experience. 


Steve Jerstice 
In my dreams! 
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Hotshots 


This month's pick of your very best astrophotos 


A gallery 
containing these 
and more of your 
stunning images 


A Saturn 


AVANI SOARES, CANOAS, BRAZIL, 3 JUNE 2017 


Baa) Avani says: 
Ls “Photographing Saturn 
(5 and the main planets of 
Y S | the Solar System is one 
<a] of my favourite hobbies. 
= Although there is much 
to be said for observing 
Jupiter due to the 
dynamics of its atmosphere, Saturn is the 
planet that causes greater visual impact, 
both in direct observation and in a beautiful 
astrophoto. My greatest difficulty with 
planetary photography is the vibrations 
caused by a large freeway that passes 
about 100m from my home observatory. 
The seeing from my location is reasonably 
good, although it is far from pristine. 
Images like this are only possible due to 
the great advances in cameras dedicated 
to planetary photography.” 


Equipment: ZWO ASI224MC CMOS camera, 
Celestron EdgeHD 14 Schmidt-Cassegrain. 
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BBC Sky at Night Magazine says: “Avani has 
taken advantage of his geographical location 
to capture a beautifully crisp image of Saturn. 
The detail is incredible: not just in the rings 
but also the surface of the planet itself. So 
much so that we can make out Saturn’s north 
polar hexagonal storm.” 


About Avani: “I have had an interest in 
astronomy since | was very young, and when 

| was about 20 | built my first Newtonian 
telescope. After retiring from teaching about 
seven years ago, | went deep into astronomy 
and got my first large telescope, a GSO 12-inch 
Newtonian with a homemade German equatorial 
mount. That's how | began this wonderful hobby 
of astrophotography. Being very thorough and 
dedicated, I gradually improved my results, 
and discovered that high-resolution lunar and 
planetary photography is my true passion. 
My dream is one day to travel to a really dark 
site like the Atacama Desert in Chile with a 
large aperture telescope.” 


V The Pelican Nebula 


MARK GRIFFITH, WILTSHIRE, 25/27 APRIL, 
24/25 MAY 2017 


Mark says: “The constellation of 
Cygnus was starting to get in a 
good position for imaging this 

} month. | hadn’t imaged a nebula 
! for a while so was keen to have a 
go. This ionisation front in the Pelican Nebula 
is bright and easy to image.” 


Equipment: Atik 383L+ CCD camera, Teleskop- 
Service 12-inch Ritchey-Chrétien, Sky-Watcher 
EQ8 Pro equatorial mount. 
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V Comet C/2015 V2 Johnson 


JOSE J CHAMBO, NEW MEXICO, US, 17 MAY 2017 


José says: “The comet is now approaching the inner 
Solar System and is observable by means of binoculars. 
Astrophotography reveals much more detail, as we can 
see in this image: its dust tail departing toward northwest 
(bottom right) and its fainter ionic tail southwards toward 
the brightest star Delta Bootis at left.” 


Equipment: SBIG STLIIO00M CCD camera, Takahashi FSQ-106ED refractor. 
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A Crescent Moon 


CLEMENS UNGER, MORNINGTON, AUSTRALIA, 30 MAY 2017 


Clemens says: “I had been waiting for a crisp evening to 
test a monster telephoto lens that | found in a secondhand 
camera store. | went into my backyard and the Moon was 
just coming out behind some clouds. | was afraid it might 
cloud over again so tried to shoot the Moon freehand by 
sitting on the ground, leaning against the backyard fence and 
supporting a lens weighing several kilograms with my knee. 
Surprisingly, | managed to get a good shot without shaking.” 


Equipment: Nikon D7000 DSLR camera, MTO 1,100mm lens. 


A Lunar craters Plinius and Dawes 


DAVID ROWLES, PENARTH, 31 MAY 2017 


David says: “With the sky around my home remaining 
light until the early hours of the morning, | decided to 
photograph the smaller areas of the Moon to experiment 
with a new camera | had eee bought. | was pleased to 
be able to identify the craters.” 


“af 


Equipment: Altair Astro Hypercam 178C camera, Celestron Advanced 
VX 8-inch EdgeHD Schmidt-Cassegrain, Celestron Advanced VX mount. 


skyatnightmagazine.com 2017 


30 


< Full Moon 
rising 

CHAN CHEE GUAN, 
MARINA BAY 
SANDS SKY PARK, 


SINGAPORE, 
9 JUNE 2017 


Chan 
Chee 
Guan 
says: 
“A lot 
of people in the city 
don’t know how to 
admire celestial 
beauty. A photo of 
the full Moon rising 
with silhouettes of 
people can truly 
show the beauty of 
a majestic objects in 
: the sky. | failed a few 
times due to clouds but 
finally managed to get 
ne the shot, and I think it 
a Sa portrays the greatness 
of the night sky.” 


- 


Sih aS, 


Equipment: Sony 
NEX-6 digital 
camera, Canon 
FD 300mm lens. 


Vv The midday Sun 


JAMES ROBERTSON, SOMERSET, 29 MAY 2017 


James says: “I am new to solar imaging and | didn’t 
have great expectations, especially from just one quick 
exposure. | was delighted to see sunspots on the image 
and the real glow, creating a great sensation of 
thermonuclear inferno.” 


Equipment: Modified Canon EOS 750 DSLR camera, Sky-Watcher 
Esprit 80ED Pro triplet refractor, Baader white light filter. 


A Hercules Cluster 


STEPHEN DEAN, ISLE OF WIGHT, 22 MAY 2017 


Stephen says: “Globular clusters are one of my favourite 
targets. We've had very few clear nights this year, and the 
ones we have had have been accompanied by wind or 
high humidity, so it was just great fo be out under the stars 
“ imaging. The main issue was a lack of sub exposures, 
hence it is not as clean an image as | would have liked.” 


Equipment: Atik 414EX CCD camera, Altair Astro 6-inch 
Ritchey-Chrétien, Sky-Watcher NEQ6 Pro SynScan mount. 
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Aurora > 


JIM BRAY, GOLDENDALE, WASHINGTON, US, 
28 MAY 2017 


Jim says: “This was my second 
night at the Pixieland star party 
in Washington, after waiting out 
the day’s heat, clouds and wind. 
One imager looked at a picture 
ae with his DSLR and noticed that the light 
to the north was green! This was exciting to 
all of us, even those who came just to image 
areas in the Milky Way to the south. My 
camera picked up more colour than we could 
detect but some said that they could see some 
red and possibly purple.” 


Equipment: Canon EOS Rebel T3 DSLR 
camera, 50mm lens. 


A Eta Carina Nebula 


TOM BISHTON, GOLD COAST HINTERLAND, AUSTRALIA, 27 MAY 2017 


Tom says: “This is one of my favourite nebulae to shoot because | like its patterns and colours. | had to battle against some 
high cloud and had issues with my battery power, but after sorting these issues and imaging around the clouds | ended up 
with a photo | am really pleased with.” 


Equipment: Modified Canon EOS 600D DSLR camera, Sky-Watcher Black Diamond ED refractor, Sky-Watcher AZ EQ6 mount. 


ENTER TO WIN A PRIZE! 


ALTAI2 K ASTRO We've teamed up with Altair Astro UK to offer the winner 


of next month’s Hotshots a SkyTech City Light Suppression 
Filter, designed to block out light pollution while allowing the light from deep-sky objects through. The filter is 
compatible with all APS-C sized Canon EOS cameras www.altairastro.com ° 01263 731505 


Submit your pictures via www.skyatnightmagazine.com/astrophotography/gallery or email 
hotshots @skyatnightmagazine.com. T&Cs: www.immediate.co.uk/terms-and-conditions 


2 
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WILL GATER 


INSIGHT 
ASTRONOMY 


OF THE YEAR 


www.rmg.co.uk for details. 


PHOTOGRAPHER 


See more fantastic astroimages at the 2017 Insight 
Astronomy Photographer of the Year competition. 
Winners will be announced in September, see 


) 


Makin 


the most of the 


Will Gater sets out to show that observing and imaging 
shouldn't grind to a halt when our nearest neighbour 


fall the things astronomers 
love to obsess (and yes, 
moan) about, the weather 
has to come top of the list. 
But there’s something else that’s just 
as likely to get us grumbling on a fairly 
regular basis and it’s our nearest celestial 
neighbour — the Moon. 
When the Moon is full its bright 
disc lights up the sky, frustrating 
observers of faint galaxies and annoying 
imagers wanting to take long exposures 
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is shining brightly 


without gradients spoiling their shots. 
Grumbling about such inconveniences is 
perfectly reasonable, of course, but there 
are some people that take a more defeatist 
attitude to the full Moon. They say its 
light leaves little else to see or wonder, 
conspiratorially, why the skies only seem 
to be clear when the Moon is shining. 
But in this feature we want to celebrate 
the nights around full Moon and show 
that there are plenty of interesting things 
to look out for during these periods. Our 


list isn’t exhaustive either — let us know 
what your favourite targets for moonlit 
nights are by emailling us at 
inbox@skyatnightmagazine.com. > 


~ 
ABOUT THE WRITER 

. Will Gater is an 

)\ astronomy journalist, 

} author and presenter. 
Follow him on Twitter 
at @willgater or visit 
willgater.com 


LUNAR OBSERVING AUGUST 33 


The light from a full Moon drowns 
out some of the sights in the night 
sky but reveals a number of 
otherwise unseen lunar features 
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full Mo 


Creating mosaics of the Moon with a high- 
frame-rate CCD camera or webcam is a 
great way to hone your astrophotography 


IMAGING Trt MOON 


Capture a 


on mosaic 


'O 


of each pane as you go; this way you can 
ensure there’s sufficient overlap with the 
previous pane and the image-capture 


and image-processing skills. But 
attempting a full-disc mosaic on 
or around the night of the full 
Moon adds a whole other 
level of difficulty, making it 
a tremendously rewarding 
challenge to tackle while 
the skies are moonlit. 

Part of the challenge 
of mosaicking the entire 
visible portion of the 
Moon is that, if you’re 
imaging at high-resolution 
with a long focal-length 
telescope, you'll typically 
need to capture a large 
number of panes to cover 
the whole disc. What’s more, 
there can’t be any gaps between 
the panes or else the project will be 
ruined. It’s high-stakes imaging, but 
that’s what makes it fun! 

You can avoid gaps by quickly 
processing rough, preliminary, versions 


sequence that you're about to start. 
Arranging the ‘rough-draft’ panes 
as you go in image processing 
software is also a good way 
to check that you don’t have 
any gaps between parallel 
rows of panes. 

Capturing and checking 
the panes may take 
several hours, so while 
you're imaging the 
Moon make sure that 
it won't be obscured by 
any buildings, trees or 

other features as it moves 
across the sky. And beware 
of dew forming on your 
optics during the long imaging 
sessions, which could also 
scupper your efforts. 


< With sufficient time, patience and panes 
you can put together a mosaic of the Moon that 
shows the features on its face in exquisite detail 


WILL GATER X 9, ISTOCK 


Reveal the colours of the Moon with a high-frame-rate camera 


It may look monochrome to our eyes but 
the Moon's disc does show slight colour 
variations, which correspond to compositional 


a _—_—~E~té<i<; 2; <C;«S~*™S 


Once you've got your equipment set up, select 
the area of the Moon you'll target for your 
image. There are some interesting colour 
variations in the lunar surface where the Mare 
Serenitatis meets the Mare Tranquillitatis as 
well as in the western Mare Imbrium and 
around the bright crater Aristarchus. 
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differences invits surface geology. This brief 
guide shows you how to use a monochrome 
high-frame-rate camera and colour filters to 


create an image that brings out these subtle 
hues. The night of the full Moon and the two 
nights either side of it are ideal times to try this. 


fL?. 


Ss 


Next capture three clips of the target area 
(one through a red filter, one through a green 
filter and one through a blue fliter) that you'll 
use to make the three images required to 
create the final full-colour image. If you 
already have RGB filters for planetary or 
deep-sky imaging they’ll work fine here. 


The next step is to process the three video 
clips exactly as you would any other lunar 
data captured with a high-frame-rate camera, 
using software such as AutoStakkert! or 
Registax. You may want to stack more frames 
than you normally would to increase the 
signal-to-noise of the resulting images. 
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Moonlit | 
trails 


Star-trail images 
allow you to see 
Earth’s rotation 


There’s no denying 
that a bright Moon 
can play havoc with 
most types of deep- 
sky and wide-field 
astrophotography, 
especially if you 
intend to take deep 
images or capture 
faint phenomena 
such as the Milky 
Way star fields. 
But don’t write 
off all wide-field 
astrophotography 
when the Moon is 
lighting up the sky. 
Moonlit 
landscapes with 
stars above them, 
and particularly 


moonlit star trail images, can make for very attractive 
compositions — especially during the frosty months of winter 
when bare trees provide stark silhouettes. Indeed, if you can find 


an interesting landscape feature — such as a rocky outcrop, tree 
or even distant hills — to draw the viewer’s eye in, you may find 
that the silvery light of the Moon actually helps by illuminating 
and defining that foreground subject in a way that improves 
the overall composition. 

Imaging under bright moonlight does require good, if not 
excellent, transparency though, otherwise the sky will be milky 
with the scattered moonlight and faint stars will be lost in the 


murk. If you do have a go at capturing moonlit nightscapes, aim 


to shoot facing away from the Moon. This way you'll have a better 
chance of picking up fainter stars. 


Nt 


You now need fo combine the three images 
produced in the previous step into a full-colour 
final image. This can be done in software such 
as Photoshop or GIMP. In Photoshop open the 
red image, select the ‘channels’ tab, then copy 
and paste the green and blue sequence 
images into their respective channels. 


If the previous step /has worked you should 
now be looking at an RGB colour image of 
your lunar target. It’s possible that the 
individual red, green and blue colour channels 
may not be exactly aligned, so now carefully 
adjust their positions until they all overlap 
perfectly, without any ‘ghosting’. 


Sometimes the image produced by step four 
will have a colour cast. If. that’s the case with 
yours, running it through Registax’s ‘RGB 
balance’ filter can work wonders. Finally, 
gradually increase the saturation level of 
the image to bring out the surface’s natural 
colour variations. 
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OBSERVING THE MOON 
Watching the full Moon rise 


It’s all too easy to take the rising full Moon 
for granted, only stopping to watch if you 
glimpse it inadvertently rather than treating 
it as a celestial event in its own right. Yet if 
you can get to an observing site with an 
unobstructed horizon on a clear evening, 
there are many fascinating phenomena to 


The Moon rises every 
evening but can appear to 
be different sizes and colours 
under the right conditions 


catch sight of as the Moon climbs. One that 
tends to stops most people in their tracks is 
the famous ‘Moon illusion’, which makes the 
rising lunar disc appear larger than when 
it’s higher in the sky. But there’s also the 
‘rippling’ edge and ‘flattening’ of the Moon's 
disc, caused by atmospheric refraction, 


to look out for - particularly with a small 
telescope or good binoculars. And if the 
skies are really clear, watching the 
reddened full Moon rising below the pink 
‘Belt of Venus’ — back-scattered light from 
the setting Sun - can make for wonderful 
observing memories. 


Exploring the edge 


The Mare Humboldtianum 


As the Moon orbits the Earth it doesn’t 
always show the exact same face to us. In 
fact, it appears to wobble during the course 
of its orbit so that otherwise-invisible parts 
of the lunar limb rotate towards us, while 
other parts are rotated away. This allows 
us to glimpse a little more of the Moon’s 
globe than just a single, static hemisphere. 
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You can find the 
lies on the Moon’s 
northeastern limb 


This phenomenon is known as libration 
and it can bring into view craters and 
other surface features that aren’t always 
visible. So don’t discount getting your 
telescope out on the nights around the full 
Moon when the gibbous Moon is shining 
brightly. Although it might seem as if 
there’s only a narrow strip of terminator 


Pythagoras crater on the 
Moon’s northwestern limb 


(the shadow and relief-rich boundary 
between the illuminated and unlit portion 
of the Moon) to observe, there may 

bea feature that libration has brought 
into a good position to study. Features 
that benefit from libration include the 
Pythagoras and Grimaldi craters and 

the Mare Humboldtianum. 


4 Moonlight shining through ice crystals in 
clouds may result in the 22° lunar halo 


and 


On most nights high, wispy, clouds 
drifting overhead would quickly curtail 
an imaging or observing session. But at 
full Moon, as well as when our nearest 
neighbour is showing its larger ‘gibbous’ 
phases, bright moonlight streaming down 
through such clouds can occasionally 
create the most beautiful haloes and other 
atmospheric phenomena. Phenomena 
that make intriguing and sometimes 
elusive celestial quarries for observers 
and astrophotographers alike. 

One atmospheric phenomenon you 
may see around the time of full Moon is a 
bright ring of light around the lunar disc. 
It’s an ice halo known as the 22° halo — due 
to its angular radius on the sky being 22° 
—and is caused by ice crystals suspended 


4 Water droplets in clouds diffract moonlight 
to produce the coloured rings of lunar corona 


Hunting haloes 


within high clouds refracting the light of 
the Moon. You can generally confirm what 
youre seeing is the 22° halo by holding 
your outstretched hand at arm’s length, 
while placing the tip of your little finger 
over the lunar disc. If the tip of 
your thumb is almost reaching the halo 
then you can be confident that it’s the 
22° halo you’ve spotted. Sometimes the 
22° halo can be very faint — requiring you 
to block out the bright lunar disc with your 
outstretched hand to see — whereas other 
times it can be absolutely unmistakable, 
even against the glare of the Moon. 
Another striking phenomenon, although 
this time created by diffraction through 
water droplets rather than ice within 
clouds, is the lunar corona, which appears 


@ swt ¢ 


4 As Earth passes between the Moon and Sun, our planet's atmosphere refracts the light from the Sun giving the Moon an orangey-red tint 
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4 Moondogs are caused by ice crystals and 
appear as bright spots on the lunar halo 


as a spectacular series of concentric 
coloured bands around the Moon. 

But perhaps the atmospheric 
phenomena that are the most rewarding to 
catch around the time of full Moon are the 
ethereal apparitions known as ‘moondogs’ 
or ‘paraselenae’. These are just like the 
‘sundogs’ that are seen during the daytime 
but tend to be much more difficult to 
spot due to them often being considerably 
fainter. Just like the 22° halo, moondogs 
are formed by the refraction of moonlight 
through ice crystals within wispy clouds. 
If the clouds are thin or scattered enough 
to allow bright stars to be seen around 
them they can be a truly exquisite sight 
as well as being a fantastic target for 
astrophotographers. 


A shadowy spectacle 


If you're still not convinced about the merits of observing around the 
time of full Moon then maybe the magic of a celestial phenomenon 
that can only occur at this time will finally win you over. We're 
talking, of course, about a total lunar eclipse. Granted, they‘re not 
exactly monthly events, but there’s no denying that the slow and 
serene progress of the Earth’s shadow across the lunar disc - with 


the full Moon turning from blazing silver to a soft orangey-red 

- makes for one of nature’s greatest shows. It’s worth watching these 
events just to see the fainter stars emerge during totality, when the 
sky darkens as the light of the full Moon is dimmed. The next total 
lunar eclipse visible from the UK is on 27 July 2018. That's surely 
one full Moon night you won't want to miss! @ 
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If luck favours you and the clouds stay away 
on a summer solstice, this is the sight that would 
greet you as the Sun rises over the Heel Stone 


SUNRISE AL 
STONEHENGE 


Retracing the steps of Patrick Moore, photographer Josh Dury 
visited the huge stones of the greatest ancient monument in 
Britain to witness the sunrise on summer solstice 
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4 A bemused Patrick Moore began his summer solstice episode surrounded by druids and members of the public all hopeful of clear skies, but it 
wasn’t to be. Luckily a day earlier the crew had visited the stones and caught a magnificent sunrise directly over the Heel Stone (below) 


ack on 21 

June 1972, 

The Sky 

at Night 
visited the majestic 
Neolithic monument of 
Stonehenge to witness 
the midsummer 
sunrise, one of the most 
famous astronomical 
events in the world. 
Sir Patrick Moore’s 
sceptical reaction to the 
druidic ceremony that 
took place around the 
stones, complete with 
banners and robes, was 
recorded for posterity 
in an episode called 
‘Midsummer and Megaliths’. 

Sunrise on that day was hidden by 
cloud — a common occurrence. But Patrick 
and his crew had also visited a day earlier, 
on 20 June, when the horizon was clear at 


dawn. Footage they captured shows 
what happened: the Sun rose directly 
over the monument’s Heel Stone. 
When you stand in the centre of 
Stonehenge, the Sun aligns with the 


middle of an arch 

in the outer circle 

of sarsen stones 

and the gap in the 
tallest of the horseshoe 
of sarsen trilithons, 
which has now fallen 
over. Stonehenge was 
constructed on this 
alignment around 
4,500 years ago, yet 
the reasons why the 
people of the time 
went to such lengths 
of monumental 
engineering remain 
unknown. 


Return visit 
Fast forward 45 years and, on 21 June 
2017, BBC Sky at Night Magazine was 
at Stonehenge for sunrise on the 
summer solstice. Some things were 
the same: as in 1972, clouds hid the > 


A crowd of over 13,000 people 
gathered for the summer solstice 
sunrise on 21 June 2017, above 
them an impressive early-morning 
display of noctilucent clouds 
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GALAXY PICTURE LIBRARY/ALAMY STOCK PHOTO, BBC X 4, JOSH DURY 


JOSH DURY, ILLUSTRATION REFERENCE: RAS/PAUL JOHNSON 


A0 SUMMER SOLSTICE AUGUST 


Minutes after sunrise on 20 June 2017, 
the disc of the Sun became visible 
through a clearing in the cloud 


> moment the Sun first rose above 

the Heel Stone. But some things 

have changed: the number of people 
who now come to witness the alignment 
has rocketed — this year it was over 
13,000. Managing such a gathering 

and the integrity of one of the country’s 


most enduring treasures is a major 
logistical undertaking for English Heritage, 
the custodians of the monument. 

We also visited the day before (a day 
or so either side of solstice really 
doesn’t make that much difference to 
the alignment) and, with the stones to 
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4 The layout of Stonehenge from above, showing solar alignments at midsummer and midwinter 
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ourselves, we were more likely to find 
the right position to capture the event. 
Although the weather on 20 June 2017 
was more favourable, we didn’t have 
Sir Patrick Moore’s luck. 

A line of lingering low cloud was too 
thick for the Sun to shine through in the 
moments after sunrise. But seconds later, 
when the disc of the Sun broke into the 
clear, the haziness became an advantage. 
It gave the Sun a wonderful red colour and 
dimmed its light to a comfortable level. 

The reasons why this ancient wonder 
was built remain a mystery and perhaps 
they always will. No one has yet been 
able to say for definite whether it’s a 
temple, a tomb or some sort of calendar. 
But its alignment with the annual 
movement of the Sun shows that the 
ancient people who made it possessed 
a keen interest in astronomy the cycles 
of the night sky. @ 


Listen to an interview about 
astronomy at Stonehenge with 
English Heritage’s senior properties 
historian Susan Greaney. 


ABOUT THE WRITER 
Josh Dury is a 
photography student 
specialising in 
astrophotography. He 
has a special interest 
in ancient astronomy. 


The climactic battle of The Return of the Jedi 
inspires The Star Wars™: Sith vs. Jedi 
Clock, available exclusively from 

The Bradford Exchange. 


“se Fully sculpted, handpainted figures of Darth 
_ Vader, Emperor Palpatine and Luke Skywalker 


‘Lightsabers and the fight scene illuminate 


> The hanging weights are the hilt of Luke and 
Vader’s lightsabers 


e The Millennium Falcon is fully sculpted 
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e Artwork of the space battle of Endor appears 
on the top of the clock 


The pendulum features the Empire and 
Alliance insignias 


The Star Wars™: Sith vs. Jedi Clock comes with 
a Certificate of Authenticity and our famous 
365-day money-back guarantee. Issued in a 
strictly limited edition, it is available for just five 
instalments of £29.99 — that’s only £149.95 (plus 
£9.99 S&H)*. Pay nothing now — simply complete 
and return the Reservation Application today! ~ 
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IT 
ROCKET 
SCIENCE 


A fifth of rocket launches still fail, butthe 4 
drive by private enterprise seems to be : 
tipping the scales in the other direction, 
writes Ash Dove-Jay 


a 
Z . Orbital Sciences’ 
st Antares rocket suffers 
wy “as © a catastrophic failure 
ite *\ te 


». on 28 October 2014 
~. 
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NASA/JOEL KOWSKY 


he International Space Station is ina 4 Although the Space about 4,800km/h and for Mars about 11,260km/h. 
constant state of free fall towards Earth. Shuttle was reusable, the Reaching orbital velocity is what makes rocket 
What keeps it up there is how fast it’s rockets that blasted it into. engineering so difficult. To hit such a speed, 
travelling. Due to Earth’s curvature, the rt rane Aca roughly 90 per cent of an entire rocket’s weight at 
ground below the ISS is plummeting away fromthe — would be jettisoned and lift-off is the fuel required to deliver its payload to 
ISS just as quickly as it is falling. Striking this fine allowed to burn up in orbit. The remaining 10 per cent is split, roughly 
balance is how we get objects to orbit. Earth’s atmosphere equally, between the rocket itself and whatever it’s 
Getting into space is relatively easy; you just go launching into space. That’s not much play with. 
95km up. But staying in space by reaching orbital By comparison, about 45 per cent of a commercial 
velocity is hard. To accommodate Earth’s size aircraft’s weight at take-off is the fuel while the 
and gravity, you need to accelerate horizontally other 55 per cent is made up of the aircraft itself, 


to 28,000km/h. For the Moon, orbital velocity is the passengers, the crew and their luggage. 


HOW. ROCKETS WORK 


. The. technology, that blasts rockets into space 


The payload is 
what the rocket 
delivers to space 


Snteeataye adaptors hold 
each stage together and 
e them when needed 


The first-stage fuels its engines fra ignition to'an 
altitude of about 190km. To avoid carrying, dead 
weight, the first-stage and its engines sepa 
the rest of the rocket once the fuel is spent ~ 


> 


The fairing protects the 
’ payload aerodynamically 
Once the second-stage engine and thermally during 
ignites, typically at an altitude of launch, and separates 


Po cl 200km, the rocket is already turned | from the second-stage just 
\ “ over horizontally. The second-stage before payload release 
ed : completes the acceleration phase to 
-P —_— get the payload to orbital velocity 
aii Launch is vertical to get through Earth’s atmosphere, and its Boosters are auxiliary rockets for the first-stage that give extra 
associated drag, as quickly as possible. Once through, the thrust while it’s charging through the atmosphere. They separate 
gimballed first-stage engines turn the rocket over horizontally once expended, typically at an altitude of about 80km 
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Even though they typically cost around £100 
million each, roughly one in 20 rockets still fails. 
To reach orbit, a certain amount of energy is 
needed to overcome the pull of Earth’s gravity and 
accelerate to the required velocity. For its weight, 
rocket fuel is the most powerful form of controllable 
energy we know of. As it burns, there’s just enough 
energy in that fuel to carry its own weight and a 
little bit extra into orbit. Yet if Earth were slightly 
larger or heavier it wouldn't be possible to put 
anything into space with today’s technology. 

Any extra weight added to make the rocket safer, 
by making structures stronger or carrying back-up 
parts, is weight no longer available for the payload, 
whether it’s a spacecraft, satellite or astronauts. It 
seems as though the safer we build rockets, the less 
useful they are to us. Rocket engineering is a razor- 
fine balancing act between the conflicting objectives 
of reliability, cargo capacity and cost. 

In the last few years, however, the game has 
changed; private companies such as SpaceX and 
Blue Origin have initiated a shift towards reusable 
rockets. The question is: how? Surely the extra fuel 
required and landing hardware renders a rocket 
useless by taking up the weight budget available 
for cargo? No government-backed space agency is 
even close to making economically viable reusable 
rockets so what are these companies doing that 
makes it possible? 


Under one roof 
SpaceX’s Falcon 9 rocket 
is made under one roof, 
by one private company 
with one leader. Sheet 
metal literally enters the 
building from one side 
and rockets are wheeled 
out of the other towards 
the launch pad. 

Before such private enterprises, rockets were 
made by dozens of independent bodies scattered 
over a country or continent directed by a 
bureaucracy-laden government, or a consortium 
of governments, burdened by ever-changing 
politics. The inefficiencies involved with this level 
of management and collaborative disconnect led 
to expensive, outdated and conservatively designed 
rockets. Hence it’s been impossible to integrate a 


as 
—_—— 


4 Rocket fuel is the 
most powerful form of 
controllable energy we 
have, but a lot of it is 
needed to get rockets 
off the ground 


v Everything at SpaceX 
happens in one building, 
from materials storage 
to component production 
and final assembly 


°saass 
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first-stage landing system into their architectures 
without impractically compromising their ability 
to deliver a payload. And why, for the past 60 
years, we've just been letting our rockets burn up 
in the atmosphere or crash into the ocean after 
they’ve carried their cargo into space. Rockets were 
disposable, unable to have their construction and 
development costs spread over multiple launches, 
and were all the more expensive for it. 

Imagine how expensive a ticket to 
fly on an Airbus A380 would be if 

the aircraft were thrown 
away after a single 
flight. Imagine how 
conservatively designed 
that aircraft would be if 
it couldn’t be inspected 
after flight tests had been 
carried out. This, until 
recently, was the model 
upon which the rocket industry operated. And it 
was this approach that was throttling the growth 
of the space industry. But it no longer applies. 

By keeping everything under one roof and 
outsourcing as little as possible, managerial and 
collaborative inefficiencies have been reduced and 
the pace of design and innovation has accelerated. 
On top of this, unlike for government-backed space 
agencies, the commercial pressure to move quickly > 


SARS 


4 
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NASA, ISTOCK X 2, ILLUSTRATION BY PAUL WOOTTON, NASA/KIM SHIFLETT, SPACEX X 3 


A6 


FAIRING (REUSABLE) 


Diameter: 5.2m 
Height: 13m 

Has thrusters and 
steerable parachutes 
for re-entry and soft 
ocean landing for reuse. 


SECOND-STAGE 


Powered by single 
934kN thrust Merlin 
vacuum engine 
burning liquid oxygen 
and kerosene. 


HYPERSONIC 
GRID FINS 


Control first-stage 
flight path and 
orientation during 
re-entry. 


FIRST-STAGE 
(REUSABLE) 


One or three boosters, 
each powered by nine 
Merlin engines that 
provide 8,227kN of 
thrust by burning 
liquid oxygen and 
kerosene. Built in 
redundancy allows 
for operation with up 
to two engine failures 
on each booster. 


LANDING LEGS 

Deploy just before 

first-stage landing and ) 
act as stable platfo 


BAT TLE OF THE 


BALLISTICS 


How SpaceX's privately financed Falcon rockets measure up to ESA's Ariane 6s 


ae 


FAIRING 


Diameter: 5.4m 
Height: 20m 


SECOND-STAGE 


Powered by a 180kN 
thrust Vinci engine 
burning liquid 
hydrogen and 
oxygen. 


FIRST-STAGE 


Powered by a 
1,350kN thrust 
Vulcain 2.1 engine 
burning liquid 
hydrogen and 
oxygen. 


BOOSTERS 

Two or four P120C 
solid-propellant 
boosters providing up 
to 3,500kN of thrust 
for the first-stage. 


FAL FT | Fi EAVY ARIANE 62 ARIANE 64 
Height 70m 70m 62m 62m 
Mass 549 tonnes 1,421 tonnes 500 tonnes 800 tonnes 
Cost £48m (expendable) £109m (expendable) £65m (aim) £79m (aim) 
£31m (reusable) £86m (centre expended) 
£70m (reusable) 
First flight 2015 2017 (aim) 2020 (aim) 2020 (aim) 
Payload to Earth orbit 22,800kg (expendable) 63,800kg (expendable) ~9,800kg ~20,000kg 
9,600kg (reusable) ~53,800kg (centre expended) 
~26,900kg (reusable) 
Max payload to geo transfer orbit 8,300kg (expendable) 26,700kg (expendable) 5,000kg 11,000kg 
5,500kg (reusable) ~16,000kg (centre expended) 
8,500kg (reusable) 
Manufacturer/organisation SpaceX (US) SpaceX (US) ESA Consortium | ESA Consortium 
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> towards profit and competitiveness has been an 
additional driver for private companies building 
and flying space rockets. And because of this, over 
the last few years, they've been changing the game. 


The pace of progress 

More than a dozen Falcon 9 first-stage boosters 
have now landed safely. SpaceX has even developed 
landing capabilities for its Falcon-class payload 
fairing. These parts are being studied to further 
optimise their designs. The fruits of these activities 
will be revealed later this year in a new variant 

of the Falcon 9, the Block 5. Structural fat will be 
trimmed in all the right places, modifications will 
be implemented to reduce reuse and refurbishment 
costs, and upgraded rocket engines will be 
integrated to further increase its capabilities. 

Blue Origin has also landed, studied, developed 
and reused several first stages of its sub-orbital 
New Shepard rocket. This is a good stepping stone 
towards its New Glenn orbit-class rocket, which 
the company expects to start flying in 2019. Before 
that, however, New Shepard is being put forward 
as a product for the space tourism market and Blue 
Origin intends to open the doors for commercial 
sub-orbital flights next year. 


4 SpaceX (left) and Blue 
Origin (right) have both 
successfully landed 
reusable rockets 


ABOUT THE WRITER 
Dr Ash Dove-Jay is a 
spacecraft engineer 
and manager at 
Oxford Space 
Systems with a 
broad background in 
the space industry. 


SpaceX can inspect 
returned Falcon 9 rockets 
such as this one to quickly 
refine the model’s design 
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Blue Origin already has 
an orbital rocket called 
New Glenn planned to 
follow on from 

New Shepard 


The pace at which SpaceX and Blue Origin are 
innovating is unheard of in government space 
agencies. For example, ESA’s Ariane 5 rocket 
first flew in 1996, before either private company 
existed. A moderate renovation will take the form 
of the Ariane 6, with a first flight expected in 2021. 
In terms of architecture and capability, though 
costing £3.5 billion to develop, little distinguishes 
the two rockets. There’s no improvement in 
overall efficiency and there’s no reusability. This 
single development cost is roughly equal to all 
development costs incurred by both SpaceX and 
Blue Origin combined, since their inceptions. 

Right now, though the same class of rocket, a 
Falcon 9 costs roughly between one fifth and one 
third of an Ariane 5. ESA is ambitiously (some would 
say, unrealistically) aiming to halve the cost of the 
Ariane 6, with respect to the Ariane 5, through 
improvements in fabrication techniques. If ESA 
somehow manages to do this, the Ariane 6 will still not 
be cost competitive with even the current Falcon 9, 
let alone what other companies such as Blue Origin 
and Rocket Lab could have on offer by 2021. Geopolitical 
questions aside, the business case for ESA moving 
forward with this development seems tiny. 

The likes of SpaceX and Blue Origin are moving 
swiftly past government space agencies, but we 
haven't seen anything yet. They've shifted up a gear 
and are pressing the accelerator. Now that they’re 
landing rockets, they have access to deep insights no 
other company or government agency has and will 
be improving the efficiency and cost effectiveness 
of their rockets drastically over the years to come. @ 
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On 12 April 1961, Yuri Gagarin became the first man in history to reach 
space. A huge coup for the Soviet Union, it was the spark that ignited a The future 
new Space Race - one that would ultimately lead to the Moon. Discover of manned 

a te spac “at 
the fascinating story of over 50 years of manned space exploration in 
this lavish, 116-page special issue. Featuring articles by leading 
spaceflight writers and packed with rarely-seen photos of astronauts and 
their spacecraft, Man In Space takes you from the early Vostok, Mercury 
and Gemini missions to the International Space Station and beyond. 
PLUS subscribers to BBC Sky at Night Magazine receive FREE UK postage 
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PETE LAWRENCE 


Pete Lawrence is an 
expert astronomer 
and astrophotographer 
with a particular 
interest in digital 
imaging. As well as 
writing The Sky Guide, 
he appears on The 
Sky at Night each 
month on BBC Four. 


AUGUST 49 


PLUS 
O© 


BINOCULAR TOUR 


Turn to page 60 for six 
of this month’s best 
binocular sights 


THE SKY GUIDE 


AUGUS | 


On 21 August a total solar eclipse will be visible across the US from 
coast to coast. From the UK the event will be seen as a small partial 
eclipse, with only a small portion of the Sun's disc being hidden by 
the Moon prior to sunset. 
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AUGUST HIGHLIGHTS 


Your guide to the night sky this month 


15 wae © 


TUESDAY 


The noctilucent cloud 

season is now drawing 
to a close but in active 
years it has been possible 
to spot displays continuing into 
early August. 


SATURDAY . 


© The more Perseid 
©) recor shower is 

expected to show peak : 

activity bebween 15:00 BST 


(14:00 UT) on 12 August and 03:30 BST 
(02:30 UT) on 13 August. A 72%-lit — - 
waning gibbous Moon will rise just before 


23:00 BST (22:00 UT) and will interfere. 


= 


SATURDAY > 


GB) Look out for 

a rather 
attractive pairing 
between the 


brilliant planet Venus and a 9%-lit 
waning crescent Moon in this 
morning's sky. Catch them from 
around 03:30 BST (02:30 UT), 
when the Moon will be 3° south 
of Venus. 


FAMILY STARGAZING — 21 AUG 


The solar eclipse on 21 August (from the UK, visible 
€) between 19:40 BST and sunset) presents a great 

opportunity fo reinforce how you should never look 
directly at the Sun. A simple, yet effective way to view the eclipse 
is to use an A4 sheet of card with a 2-3mm hole in its centre. 
Hold it up to cast a shadow onto a light-coloured wall or perhaps 
another piece of white card at least a couple of metres away. The 
bright spot formed by sunlight passing through the hole will be a 
small image of the Sun complete with a small eclipse ‘bite’ taken 
out of it. www.bhe.co.uk/cheebies/shows/stargazing 
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< WEDNESDAY 
Dazzlingly bright 
Venus will be 2.5° 
south of open cluster 
M35 in Gemini as it rises 
this morning. The planet is shining 
away at mag. -3.9. The cluster is 
more modest at mag. +5.5 and 
so just visible with the naked eye 
under dark skies. 


TUESDAY 


(By) There's still 

US) time to 
catch sight of the 
wondrous deep- 


sky objects in the ‘steam’ of the 
Teapot asterism, including M8 and 
M20. The Teapot is a distinctive 
pattern (unsurprisingly resembling 
a teapot) located in Sagittarius. 
Look for it low in the south as 

the sky darkens. 


THURSDAY 
The slightly off-white, 
medium bright star 
located 5° southwest 
of the Moon this 
evening isn’t a star at all, but 
the wonderful ringed planet 
Saturn. Don’t let the 79%-lit 
waxing gibbous Moon put you 
off: point a telescope at Saturn 
and see if you can see those 
amazing rings. 


SUNDAY 


Venus is a 
little under 
2.5° south of 
dwarf planet 
Ceres. Both are in Gemini. 


WEDNESDAY 


(G) The 36%-lit 

is Bite 
crescent Moon 
will pass in front 


of the southern region of the 
Hyades cluster in Taurus this 
morning. Mag. +0.9 Aldebaran 
(Alpha (a) Tauri) will eventually 
be occulted after sunrise, from 
07:43 BST (06:43 UT) to 

08:31 BST (07:31 UT). 


SUNDAY 


(Gy The 
WD) cried 
around 
new Moon 


in August is ideal for catching 
a view of the Milky Way. In 
the run up towards midnight 
it can be seen from a dark 
-sky location passing from 
the north, up overhead and 
down into the south. 


FRIDAY 


By This 

UD) seniity 
look out for 
mag. -1.6 


Jupiter 3° to the southwest 
of the 18%-lit waxing 
crescent Moon. 
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NEED TO 


KNOW 


The terms and symbols 
used in The Sky Guide 


UNIVERSAL TIME (UT) 
AND BRITISH SUMMER 
TIME (BST) 

Universal Time (UT) is the 
standard time used by 
astronomers around the 
world. British Summer 

Time (BST) is one hour 
ahead of UT. 


RA (RIGHT ASCENSION) 
AND DEC. (DECLINATION) 
These coordinates are the 
night sky’s equivalent of 
longitude and latitude, 
describing where an object 
lies on the celestial ‘globe’. 


SUNDAY 
The evenings around 
full Moon (which 
occurs on 7 August) 
are a great time to 
look out for the Moon illusion 
— an optical effect that makes 
the rising or setting fuller phases 
of the Moon look enormous 
when close to the horizon. 


MONDAY 
\ The rising Moon 
© will be partially 


eclipsed by Earth’s weak 
penumbral shadow this 


evening. From the centre of the 
UK, the Moon rises around 
20:50 BST (19:50 UT). This is 
likely to be a very subtle affair, 
not easily noticeable visually. It is 


over around 21:51 BST (20:51 UT). 


< MONDAY 
Although the 
Moon isn’t 
helping the visibility 
of the Perseid 
meteor shower, it is showing a 
favourable libration along its 
northwest limb. This is a good 
opportunity to spot features such 
as crater Pythagoras. 


FAMILY FRIENDLY 
# Objects marked with 
this icon are perfect for 
showing to children 


© NAKED EYE 
Allow 20 minutes for 
your eyes to become 


dark-adapted 


< THURSDAY FRIDAY 


fC) Perseus is 

2) the fore 
of everyone's 
minds this month, 


but there’s more to the Greek 
hero than just meteors. At 
around 01:40 BST (00:40 UT) 


(> Kappa 

Oo 
meteor shower 
reaches its peak 


this evening. The shower has a 
low zenithal hourly rate of just 
three meteors per hour, but the 


FO} PHOTO OPPORTUNITY 
Use a CCD, planetary 
camera or standard DSLR 


eae) BINOCULARS 


10x50 recommended 


radiant position does have the 
virtue of riding high across the sky. 
The shower has produced some 
lovely fireballs in recent years. 


the famous eclipsing binary 
star Algol (Beta (f) Persei) will 
be at its dimmest, mag. +3.4. 


SMALL/ 

MEDIUM SCOPE 
Reflector/SCT under 6 inches, 
refractor under 4 inches 


LARGE SCOPE 
Reflector/SCT over 6 
inches, refractor over 4 inches 


MONDAY P 


(GB) There will be 

a small partial 
2. of the Sun 
visible from the UK 


this evening. The Moon can be 
seen taking a ‘bite’ out of the 
Sun’s lower edge from around 
19:40 BST (18:40 UT) until sunset 
around 20:22 BST (19:22 UT). 
Care is required to view this event. 


10 easy essons 


il Leam, astronomy 


THURSDAY 


(G) Venus 

US) started the 
month close to 
open cluster 


M35 in Gemini, and ends it one 
zodiacal constellation over in 
Cancer just 2.2° southwest of 
the famous Beehive Cluster, 
M44. Look for the pairing from 
04:00 BST (03:00 UT), low in 
the east-northeast. 


GETTING STARTED 
IN ASTRONOMY 


If you’re new to astronomy, 
you'll find two essential 
reads on our website. Visit 
hitp://bit.ly/10_Lessons for 
our 10-step guide to getting 
started and http://bit.ly/ 
First Tel for advice on 
choosing a scope. 
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THE BIG THREE 


DON'T MISS 


Partial solar 


eclipse 


WHEN: 21 August 2017, from 19:20 BST 
(18:20 UT) until sunset 


You're probably aware that there 
SS) is to be a total eclipse of the Sun 
visible across the US on 21 August. 
We are likely to hear a lot more still, as 
this is expected to be the most observed 
and photographed solar eclipse in the 
history of solar eclipses. 
From the UK the view will be less 
favourable but we’ll still get to see a 
small partial eclipse. Given how infrequent 
these events actually are — the last solar 
eclipse visible from the UK was on 
20 March 2015 — it’s definitely going to 
be something worth looking out for. 
From the UK our slice of the event will 
be far removed from the majesty of a total 


eclipse. We'll get to see a small section of 
the Sun’s disc covered just before sunset 
on 21 August. A viewing site with a low 
and unobstructed western horizon is 
highly recommended if you hope to see it. 

From the centre of the UK, the eclipse 
begins at around 19:40 BST (18:40 UT) 
with the Sun 6° above the horizon. The 
first sign that something is happening 
will be a tiny bite out of the Sun’s 
bottom (relative to the horizon) limb 
— equatorially, this is the southwest 
limb. The bite slowly continues to grow 
as the Moon’s disc clips the southern edge 
of the Sun. Greatest eclipse occurs around 
20:02 BST (19:02 UT) when, from the 
centre of the UK, the Sun’s altitude is just 
2.7°. The end of the eclipse cannot be seen 
from a central UK location because the 
Sun sets before it concludes. 

The farther south and west you are in 
the UK, the better your prospects will be. 
Depending on how far you are, the end of 
the eclipse at 20:25 BST (19:25 UT) may 
well be visible. More southerly locations 
also produce a slightly greater eclipse, 
but the improvement is small. 

As ever, you need to take special 
care when viewing anything to do 
with the Sun. The easiest and safest 
way to view this eclipse will be with 
certified eclipse glasses. For those 


From the UK we'll only see a partial eclipe (inset) while the Sun is setting. 
First contact is at 19:40 BST (18:40 UT), greatest eclipse is at 20:02 BST 
(19:02 UT) and the eclipse ends at 20:25 BST (19:25 UT) 
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The three top 
sights to observe 
or image this month 


A full aperture: : 
white light filterisia: 
safe and easy way: 

to view:the eclipse. = 


with telescopes, a full aperture white 
light solar filter provides the safest 
and easiest option. Speciality filters 
such as those used to view the Sun in 
hydrogen-alpha light are ideal too. 
Imaging the event may prove more 
of a challenge because of the generally 
poor seeing that occurs towards sunset. 
As the ground gives up the energy it 
has absorbed during the day, the heat 
produced causes air turbulence. With 
the Sun being so low for the event, 
the effects of this turbulence will be 
multiplied because you'll be looking 
through a thicker layer of turbulence. 


WHEN: Early morning on the dates stated 


At the start of the month 
Venus passes south of open 
cluster M35 in Gemini 


NGC 2129. 


Le 
; were $ Avg Venus 
Aug 7 Au 
: 8 Aug ge 3 
* 9 Aug poe 


z 


Ceres 


ev 


Morning planet Venus has a 
OE number of interesting visual 
and photographic encounters 


worth pursuing. On the Ist the 
brilliant planet rises around 02:20 BST 
(01:20 UT) above the northeast horizon. 


- TAURUS 


Its brilliant, mag. —3.9 dot should be fairly 
easy to see soon after rising, and it will be 
3° south of mag. +5.5 open cluster M35 in 
Gemini. Catching sight of them will be a 
balancing act: when both are low, M35 
especially will be hard to see; as it climbs, 


Venusian encounters 


the approaching dawn will brighten the 
sky and make the cluster difficult to pick 
out. Venus remains close to M35 on the 
mornings of 2-3 August. 

As the planet moves farther east it 
catches up with, and eventually 
overtakes, dwarf planet Ceres, which 
is crossing both twins of Gemini in a 
diagonal fashion on an almost parallel 
course. Again, a balance between altitude 
and sky darkness will be necessary, but 
every day that passes during August 
delivers an ever-darkening morning 
sky when viewed at the same time. 

The Moon will also have a detrimental 
effect while hunting dim Ceres — it is 
perfectly timed to be big and bright on 
the night of 12 August, when Venus and 
Ceres will be at their closest. Later in the 
month, Venus makes a close apparent 
pass of the mag. +3.5 star Wasat (Delta 
(8) Geminorum) on the mornings of 
16 and 17 August. 

Our favourite encounter will start 
on the morning of 19 August when 
Venus will appear 3° to the north of a 
slender 9%-lit waning crescent Moon. 
Catch the pair as they rise above the 
northeast horizon from around 
03:10 BST (02:10 UT). This should be 
a stunning sight and one certainly 
worth setting the alarm early for. 


Perseids in a 


WHEN: 1-23 August, best activity 9-15 August 


It’s the time of 
year when summer 

nights should be 
lit up by Perseid meteors. 
Unfortunately, in 2017 a 
bright gibbous Moon will 
spoil the view somewhat. 

The Perseid shower is active 
from 23 July to 23 August but 
for much of that period the 
zenithal hourly rate, or ZHR, 
remains low. It’s only around 
the shower’s peak that things 
start to get really interesting. 
This year’s maximum is 
predicted for 15:00 BST (14:00 
UT) on 12 August to 03:30 BST 
(02:30 UT) on 13 August, but 
expect reasonable activity 
between the 9th and 15th. 

On 9 August the 95%-lit 
waning gibbous Moon rises 
at 21:43 BST (20:43 UT) and is 
up all night. On consecutive 


nights the Moon’s phase 
decreases but, once risen, 
persists through to dawn. On 
the 14th, the last quarter 
Moon rises around midnight 
BST (23:00 UT on 13 August). 
The best views are likely 
towards the latter part of the 
suggested period. Find a dark 
location from where the 
Moon’s light can be blocked 
from view. 
The Moon’s glare will 
wipe out the fainter trails 
but brighter ones should be 
visible, albeit at a greatly 
reduced rate from the 
suggested peak ZHR of 
80-100 meteors per hour. 
Cameras can fare better 
— for advice on how to 
photograph the Perseids 
in moonlight, turn to 
page 64. 


CEPHEUS 


CASSIOPEIA 


CAMELOPARDALIS : 
Double se 
Cluster - 30 Juk 

Peak night 

12/13 Aug ®°5 Aug Perseid 


radiant 


q, @ Mirphak 


a 
aw 
e 


AURIGA PERSEUS 


& Capella 
@ 


ANDROMEDA 


TRIANGULUM 


Algol : = 


4 The apparent position of the Perseid radiant moves through 
the night sky during the shower’s period of activity 
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THE NORTHERN HEMISPHERE 
IN AUGUST 
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STAR NAME 31 AUG AT 23:00 BST 


CONSTELLATION On other dates, stars will be in slightly different places 
NAME due to Earth’s orbital motion. Stars that cross the sky 
will set in the west four minutes earlier each night. 


GALAXY 
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Planetarium 


1 MICROSCOPIUM 
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THE PLANETS 


PICICF Wirle 


MONTH 


NEPTUNE 

BEST TIME TO SEE: 31 August, 
01:30 BST (00:30 UT) 

ALTITUDE: 29° 

LOCATION: Aquarius 

DIRECTION: South 

FEATURES: Small disc, colour, large 
moon Triton 

EQUIPMENT: 4-inch or larger scope 


Although they are no match for their inner 
Solar System neighbours, the ice giants 
Uranus and Neptune can appear to move 
surprisingly fast. At the start of August 
mag. +7.8 Neptune is 20.6 arcminutes 
southwest of mag. +6.2 star 81 Aquarii 
and 2° east of mag. +3.7 Lambda (A) Aquarii. 
However, by 31 August, Neptune appears 
to have moved 0.75° closer to Lambda 
Aquarii, which is pretty impressive for a 
planet 4.3 billion km away. 

The good news is that Neptune is now 
well positioned for viewing as it approaches 


Neptune 
—_> 


The brightest and 
dimmest planets, Venus 
and Neptune, together 
at the start of 2017 


THE PLANETS IN AUGUST 


VENUS 
15 Aug 
MERCURY 
1Aug 
MERCURY 
15 Aug ’ 
MERCURY 
31 Aug 


skyatnightmagazine.com 2017 


Neptune makes a dash towards 
Lambda Aquarii in August 


b ° 82 
1 Aug 
Bq Neptune 


opposition early next month. It’s still 
technically a morning object but it reaches 
its highest position in the sky, due south, 
in true darkness from 8 August onward. 
At mag. +7.8, Neptune can be seen 
through a pair of binoculars but will not 
appear anything other than a faint star- 
like dot. You'll need a magnification of at 


NS) 
15 Aug 


JUPITER 
15 Aug 


# © © 06S & THE SKY GUIDE 


31 Aug 


AQUARIUS 


@ 


least 100x to see its tiny, 2.2-arcsecond 
disc as anything more than a point of 
light. The increased light-gathering power 
of a 4-inch or larger scope should show 
the planet’s blue colour fairly well. 

For an average amateur setup, Neptune 
is a master at not revealing many of its 
secrets. Photographs taken through larger 
apertures (over 12 inches) with high 
frame rate cameras may reveal bands and 
larger atmospheric features, but good to 
excellent seeing is required for this. 
Neptune’s largest moon Triton, however, 
is a viable target for an 8-inch or larger 
scope. It’s relatively bright at mag. +13.5 and 
able to appear sufficiently far from the 
planet to be easily separated from its glare. 

Our Moon has a close encounter with 
Neptune on the night of 9/10 August; its 
94%-lit waning gibbous disc is 1.7° south 
of the planet at 00:00 BST on 10 August 
(23:00 UT on 9 August). 


The phase and relative sizes of the planets this month. Each planet is 
shown with south at the top, to show its orientation through a telescope 


SATURN URANUS NEPTUNE 
15 Aug 15 Aug 15 Aug 
— - 
0” 10” 20” 30” 40” 50” 60” 
ARCSECONDS 


Using a small scope you'll be 
able to spot Saturn’s biggest 
moons. Their positions change 
dramatically during the month, ( 
as shown on the diagram. The 
line by each date on the left 
represents 00:00 UT. 


& 


i 
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SATURN'S MOONS 


AUGUST 


MERCURY 

BEST TIME TO SEE: 1 August, 
21:30 BST (20:30 UT) 
ALTITUDE: 1.3° (low) 
LOCATION: Leo 

DIRECTION: West 

Mercury’s orbit swings it south 
of the ecliptic at the start of 
August and, despite having a 
decent separation from the 
Sun in the evening sky, this 
makes its hard to find. Inferior 
conjunction occurs on 26 
August, after which the planet 
re-emerges into the morning 
sky as a dim mag. +3.5 object, 
unlikely to be seen. 


VENUS 

BEST TIME TO SEE: 31 August, 
from 04:00 BST (03:00 UT) 
ALTITUDE: 5° (low) 
LOCATION: Cancer 
DIRECTION: East-northeast 
Venus is a morning object 
throughout August, visible low 
above the northeast horizon 
from around 03:30 BST (02:30 


planet rises 70 minutes before 
sunrise. It’s rather small at just 
3.5 arcseconds across. 


JUPITER 

BEST TIME TO SEE: 1 August, 
21:30 BST (20:30 UT) 
ALTITUDE: 13° 

LOCATION: Virgo 
DIRECTION: Southwest 
Jupiter is poorly positioned as 
darkness falls. The lengthening 
evenings help it stay in a sort 
of twilight limbo, too low for 
serious telescopic observation 
but high enough to be seen 
with the naked eye. It fades 
from mag. -1.9 at the start of 
the month to —1.7 by the end, 
while its apparent diameter 
shrinks from 34 arcseconds to 
32 arcseconds. An 18%-lit 
waxing crescent Moon is 3° 
above Jupiter as darkness falls 
on 25 August, both objects 
visible close to the west- 
southwest horizon. 


11 UT). At the start of the month SATURN 

12 the planet is mag. —4.0, BEST TIME TO SEE: 1 August, 
presents a 15-arcsecond disc from 22:00 BST (21:00 UT) 

13 and appears 74%-lit through a ALTITUDE: 15° 

14 telescope. By the end of the LOCATION: Ophiuchus 
month it appears 12 arcseconds DIRECTION: South 

15 across and 83% lit. It passes Mag. +0.3 Saturn is due south 

16 less than 1° from mag. +3.5 as the sky darkens at the start 
Wasat (Delta (6) Geminorum) of August. It is in southern 

7 on the mornings of 16 and 17 Ophiuchus, northeast of the 

18 August. On the morning ofthe Teapot asterism in Sagittarius. 
19th, Venus and the 8%-lit It is not the easiest of 

Li waning crescent Moon grace telescopic targets from the 

20 the dawn twilight towards the UK due to its low altitude, but 

21 east-northeast. At the end of the rings are well presented as 
the month, the planet rises Saturn’s northern pole is tilted 

22 approximately two hours before —_ towards us by 26.9°. 

23 the Sun, allowing it to be seen 
against dark skies. URANUS 

24 BEST TIME TO SEE: 31 August, 

25 MARS From 04:00 BST (03:00 UT) 
BEST TIME TO SEE: 31 August, ALTITUDE: 47° 

26 around 05:30 BST (04:30 UT) LOCATION: Pisces 

27 ALTITUDE: 2° (low) DIRECTION: South 
LOCATION: Leo Mag. +5.7 Uranus continues 

= DIRECTION: East-northeast to improve and by 31 August 

29 Mars emerges from last makes it to its highest point in 

30 month’s solar conjunction the sky, due south, as the sky 
into the morning sky but starts to brighten. Uranus sits 

31 never strays far from the Sun’s 1° north of mag. +4.3 Omicron 

1 glare. You might catch a glimpse (0) Piscium in a region where, 


arcminutes 


of it towards the end of the 
month when the mag. +1.8 


after this star, it’s the brightest 
thing on view. 


Tethys @ Dione @ Rhea @ Titan @) lapetus ©) Saturn <> YOUR BONUS CONTENT > Planetary observing forms 
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COPERNICUS 
TYPE: Crater 

SIZE: Approximately 
93km across 
LONGITUDE/LATITUDE: 
20.1°W, 9.6°N 

AGE: Up to 1.1 billion years 
BEST TIME TO SEE: Two 
days after first quarter 
(1-2 and 31 August) or 
one day after last quarter 
(15-16 August) 

MINIMUM EQUIPMENT: 


2-inch refractor 


There are many craters on the 
Moon that appear surrounded 
by radiating lines of bright ejecta. 
Known as ray craters, the most 
striking examples are relatively 
young. This is consequence of 
ejecta rays fading over time, so 
the older examples don’t stand 
out so well. The three most 
prominent are Tycho (86km) in 
the south, Kepler (31km) towards 


MOONWATCH 


the west and its dominant 
neighbour, Copernicus (93km) 
farther to the east. 

Of the three, the rays of 
Tycho are the most impressive, 
being traceable for thousands 
of kilometres from the point of 
impact. Copernicus, however, 
has the greatest visual impact, 
mainly because it’s reasonably 
centrally placed, allowing us to 


see its 360° ejecta blanket in all 
its glory. Copernicus also benefits 
from being the largest and having 
the best backdrop. Tycho is 
located within the bright, heavily 
cratered southern highlands. 
Copernicus and Kepler are 
both located against dark lava 
basins and this really helps to 
showcase their bright rays. 

Crater Copernicus is highly 
detailed and has that wonderful 
attribute of giving back more 
each time you observe it. As an 
example, its initially circular 
rim starts to take on a polygonal 
appearance when you study it 
closely, revealing a more 
hexagonal or even heptagonal 
form. Approaching Copernicus 
from the outside, the outer 
ramparts appear to rise, fairly 
gently at first, out of the 
Oceanus Procellarum, reaching 
a peak at the outer rim. 

This polygonal outer rim 
is certainly not smooth in 
appearance, exhibiting a 
striking amount of irregular 


“Copernicus has that wonderful attribute 
of giving more each time you observe it” 


Copernicus isleasy to see 
because it ig fairly central 

on the lunar disc. Inset: the 
crater’s complex rim, steeped 
in terracgs that drop down to 
a floor 3.8km below 


| 


ys 


KEPLER 
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COPERNICUS 


twists and turns. It towers 
around 3.8km above the crater 
floor, but before you arrive 
there it’s necessary to traverse 
a series of complex terraces 
that extend around the entire 
circumference of the crater rim. 
These terraces provide a visual 
feast of intricate shadow work 
when the terminator is nearby, 
and at such times make for a 
fascinating challenge if you’re 
into lunar sketching. 

The boundary interface 
between the rim and floor is 
fairly abrupt, especially when 
viewed through smaller 
instruments. However, under 
oblique lighting it should be 
possible to see that the floor 
isn’t entirely smooth, but 
instead covered in shallow hills. 
The coverage is curious in that 
the northwest quadrant of floor 
is markedly smoother than the 
remaining three-quarters. 

A well-defined central 
mountain complex is visible at 
the centre of Copernicus, 
providing a treat for the eyes 
under oblique illumination. 
The mountains rise to a 
maximum height of just over 
1km and are arranged in three 
main groups: a linear range to 
the west, a smaller collection in 
the centre and a more irregular 
grouping to the east. The 
youthful nature of Copernicus 
means there are no significant 
craterlets visible on its floor. 
The only significant crater 
within the outer rim is 3km 
Copernicus A, within the 
eastern rim terrace. You'll 
need an 8-inch or larger 
instrument to see it. 


‘ wes 
COPERNICUS A 
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COMETS AND ASTEROIDS 


Ceres — the first asteroid and latterly a dwarf planet, currently being studied by Dawn 


- Ceres tracks across Gemini almost” Pie 
parallel to Venus in August.‘Positions 


correct for 04:00 BST (03:00 UT) 
° 


© e 
Castor 
oa @. 


Ceres was discovered by 
Giuseppe Piazzi on 1 January 
1801, becoming the first asteroid 
or minor planet on record. In 
2006 it was reclassified as a dwarf 
planet, a select group of bodies 
including Pluto, Eris, Haumea 
and Makemake. It is large 
enough to have undergone 
deformation due to its own 


GEMINI <2 .) 


Mebsuta -- 
: e 


gravity, into a spheroidal shape. 
It measures 965x961x891km. 
Images sent back by the 
Dawn spacecraft revealed 
several bright spots on Ceres’s 
surface. The brightest, located 
in the 80km-wide crater Occator, 
hit the headlines; there was 
much conjecture about what 
they were. It’s now thought that 


Ga, oe? | a8 7. 


they are a type of salt deposit. 
Evidence of water molecules has 
also been found on the surface. 
For amateur astronomers, 
Ceres only ever shows itself as a 
star-like dot moving against 
the background stars. Despite 
its size, its albedo — a value that 
indicates how reflective a body 
is — is relatively low at just nine 


per cent. This means that through 
a telescope it never gets brighter 
than mag. +6.6 and can appear 
as dim as mag. +9.3. 

In August Ceres is in Gemini, 
following a path crossing the 
bodies of the Twins in a diagonal 
fashion. It’s close to its dimmest 
magnitude at +8.9, but it’s still 
interesting because the far 
more brilliant planet Venus 
tracks an almost parallel path 
just to the south. This may 
provide an easy way to identify 
the where Ceres is located. The 
closest apparent approach 
occurs on 12 August, when 
they will be 2.5° apart. 

As ever with a small body 
such as a dwarf planet, the 
best strategy to identify it is to 
sketch or photograph the area 
where you think it is located. 
Doing this over several nights 
should reveal its presence 
by virtue of its movement 
against the fixed pattern 
of background stars. 


STAR OF 


THE MONTH 


Albireo — summer's standout 
colour-contrasting pair 


Albireo is a summer stunner, a star that 
everybody should see at least once. It sits at 
the bottom of the Northern Cross asterism, a 
pattern representing the body, neck and wing 
stubs of Cygnus the Swan. Albireo (Beta (8) 
Cygni) represents the swan’s beak. 
Telescopes reveal a beautiful double 
(mag. +3.2 and +5.1) with a stunning 
colour contrast. The brighter component, 
Albireo A, is an orange-giant 100 times 
more luminous than the Sun and 20 times as 
large. Through the eyepiece it has a warm 
yellow hue. Albireo B is a main-sequence star 
230 times more luminous than the Sun but 
only 2.7 times as large. Its colour is towards 
the blue end of the spectrum, appearing 
distinctly azure-blue compared to Albireo A. 
The stars appear to be separated by 
35 arcseconds, an easy telescopic split. At 
380 lightyears distance, this corresponds to 
a physical separation of 4,400 AU. 
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4 Albireo sits at the base of the Northern Cross; use a scope to reveal its colourful components 


Albireo is often quoted as a prime example 
of a binary star, but it’s not certain Albireo is a 
gravitationally bound binary at all. Some 
sources state it to have an orbital period of 
around 100,000 years — too long for us to have 
observed any orbital movement since discovery. 
Others state that it’s just a chance alignment, a 
plausible argument based on the fact that the 
proper motions of both components seem to be 


different. The measurements made so far 
tend to indicate the stars are drifting apart. 
Even if both stars were in mutual orbit, Albireo 
wouldn't be a binary system because it has 
additional hidden members — at least two 
associated with Albireo A and one linked to 
Albireo B. The next time you introduce 
Albireo to someone you should really 
describe it as a stunning summer quintuplet! 
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60 AUGUST 
STEPHEN TONKIN’S 


BINOCULAR TOUR 


Find the original standard candle, a jewel of 
William Herschel's and a binary that touches 


= 


LEN 


lM Tick the box when you've seen each one 


10>>1 


You don’t truly need 70mm binoculars for 

our first target, double star OX 1 - it’s 
easily visible in 6x30s — but the larger lenses 
bring out the colour contrast. Start at mag. +3.2 
Errai (Gamma (y) Cephei) and pan 2.5° in the 
direction of mag. +3.6 Segin (Epsilon (e) 
Cassiopeiae) to reach it. The member stars 
are separated by 73 arcseconds. The brighter 
(mag. +7.2) one is orange-red, its fainter (mag 
+77) companion a yellowish white. The stars 
are not gravitationally related, being about 
250 lightyears apart. 1 SEEN IT 


2 DELTA CEPHEI 


Delta (8) Cephei is the star that gave its 

name to an entire class of variable stars 
for which Henrietta Leavitt demonstrated the 
relationship between the period of variation 
and the luminosity, a relationship that allowed 
them to be used as the first ‘standard candles’ for 
measuring the size of the Universe. This famous 
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variable (mag. +3.6 to +4.5, period 5.37 days), 
is also a beautiful binocular double with a deep 
yellow primary star and a white 6th-magnitude 
secondary, 41 arcseconds apart. CL] SEEN IT 


3 HERSCHELS 
GARNET STAR 


Just south of the mid-point of a line 

between mag. +2.5 Alderamin (Alpha (a) 
Cephei) and mag. +3.4 Zeta (¢) Cephei is the 
mag. +4.0 Mu (y) Cephei. Herschel’s description 
is as apt today as it was when it was written over 
200 years ago: “a very fine deep garnet colour 
... a most beautiful object, especially if we look 
for some time at a white star before we turn ... 
to it, such as Alpha Cephei, which is near at hand.” 
Mu Cephei is one of the largest known stars; 
Jupiter’s orbit would easily fit inside it. L1 SEEN IT 


A NGC 7160 


If you put the Garnet Star on the south 

edge of your field of view, on the opposite 
side you will find a tiny knot of stars that appear 
almost like a globular cluster with direct vision. 
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Averted vision reveals it to be a rather sparse, oval 
cluster of stars about 5 arcminutes across with 
two brighter stars near the centre. The brighter of 
these is the slightly variable contact-binary 

EM Cephei (mag. +7.1-7.2, period of 19.35 hours). 
Contact binaries are stars that are so close 
together that their outer layers meet. [] SEEN IT 


5 IC 1396 


Return to the Garnet Star and navigate 

just over 1° south, where you will find 
what appears to be a denser part of the Milky 
Way. This is mag. +3.5 open cluster IC 1396, 
which is easier to identify if you do not magnify 
it too much, making binoculars ideal. However, 
the associated nebulosity benefits from larger 
binoculars, especially if you hold a UHC filter 
over an eyepiece and use averted vision. You 
will need a dark, very transparent night in order 
to detect a variation in the brightness of the 
background sky: that is the nebula. [1 SEEN IT 


6 NGC 7243 

Identify the Mini W of Lacerta and, from 

the third star from the north (4 Lacertae), 
navigate 1.7° west. Here, merging into the Milky 
Way, is a rather coarse cluster of stars, a bit more 
than half the apparent size of the Moon in extent. 
This is NGC 7243, but it’s only an excuse to 
enjoy a greater spectacle. Relax and take in the 
view of this beautiful part of the Milky Way, brimming 
with knots and braids of stars separated by 
dark serpentine dust-lanes. L] SEEN IT 
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THE SKY GUIDE CHALLENGE 


The most distant stars you can see with the naked eye, so far 


CEPHEUS 


4 Cepheus contains three possible candidates for the farthest star, usurping V762 in Cassiopeia 


This month’s challenge sounds 
pretty simple on paper. It’s to 
identify and view the farthest 
star you can with the naked 
eye. However, as with most 
things in astronomy, it’s not 

as simple as it seems. 

Star distance is determined 
by an angular value called 
parallax. Close your left eye 
and stretch out your arm. With 
just your forefinger vertical, 
line it up with a more distant 
object. Switch eyes so just your 
left one is open and your 
forefinger no longer lines up 
properly. The shift is due to 
parallax. For stars this is 
determined by measuring the 
apparent shift when viewed 
from opposite sides of the Earth’s 
orbit: the greater the distance, 
the smaller the parallax. 

The reciprocal of a star’s 
parallax gives its distance in 
parsecs. Multiply by 3.26156 to 
get its distance in lightyears. 
Measuring very small values, 
typically fractions of a 
milliarcsecond (1 = 1/1000th 
of an arcsecond), is best left to 
spacecraft clear of the Earth’s 
turbulent atmosphere, and one 


of the most successful and 
widely used resources is the 
Hipparcos Catalogue, created 
from measurements taken by 
the Hipparcos satellite. 

The catalogue is available 
online (http://cdsarc.u-strasbg. 
fr/viz-bin/Cat?I/311#sRM2.1). 
It’s a simple exercise to sort it 
by magnitude, clipping off stars 
fainter than mag. +6.0; the 
naked-eye threshold. A sort by 
parallax obtains the stars with 


the smallest values and hence, 
largest distances. Or does it? 

If you Google the farthest 
star visible to the naked eye, 
inevitably you'll be led to V762 
Cassiopeiae, which is over 
16,000 lightyears away. However, 
a revised Hipparcos value gives 
this star a parallax of 1.18 +/— 
0.45 milliarcseconds, equating 
to a range between 2,001 and 
4,468 lightyears, a way off its 
record breaking status. 


The parallax measurement 
error is significant and can’t be 
ignored. Stars that have a parallax 
error less than 40 per cent their 
parallax value give reasonable 
credibility to their distance 
claims, and this approach gives 
us a new candidate: Nu (v) 
Cephei (HIP 107418), a mag. 
+4.4 slightly variable star. It has 
a parallax of 0.48 milliarcseconds 
(6,795 lightyears) and a 29 per 
cent error of 0.14 milliarcseconds. 

But is this really the most 
distant star you can see with 
the naked eye? With the launch 
and successful deployment of 
the GAIA spacecraft we now 
have the prospect of parallax 
measurements accurate to 20 
microarcseconds (20 billionths 
of an arcsecond). The first 
GAIA mission data release, 
DRI, is already available 
(http://cdn.gea.esac.esa.int/ 
Gaia) but potential data analysts 
be aware, DR1 contains 
information on 1.1 billion 
stars, with parallax 
information on two million 
of them. That’s a lot of data 
to sift through. 

So why not have a go at 
tracking down some of the 
best candidates visible safe 
in the knowledge that one 
is the most distant star that 
can be seen with the naked 
eye. Probably. 


The far-flung stars in the running for the farthest you can see 


Name HIP Mag. | Distance (lightyears) | Parallax (milliarcseconds) 
Nu Cephei 107418 | +4.4 | 6,795 0.48+/-0.14 
V382 Carinae* 54463 | +4.1 | 6,272 0.52+/-0.17 
Alpha Camelopardalis | 22783 | +4.3 | 6,272 0.52+/-0.19 
Mu Cephei 107259 | +3.9 | 5,930 0.55+/-0.20 
3 Puppis 37677 | +4.0 | 5,528 0.59+/-0.17 
Rho Leonis 51624 | +3.8 | 5,436 0.60+/-0.18 
36 Cephei 110817 | +5.6 | 5,347 0.61+/-0.24 
TYC-8151-5000-1* 42570 | +3.9 | 4,868 0.67+/-0.16 
68 Cygni 105186 | +5.0 | 4,659 0.70+/-0.23 
*Not visible from the UK 
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DEEP-SKY 


TOUR 


We're spoilt for planetaries 
and clusters shooting off 
from Sagitta's arrow 


north of the star 12 Vulpeculae) to reach 
our second target, open cluster NGC 
6830. This is an attractive, albeit small, 
cluster, which a 6-inch scope shows to 
contain around 15 stars in an area 
5 arcminutes across. Some of the 
brighter members form a shape that 
resembles a small diamond. Look hard 
and you may be able to see that this 
appears to be centred inside a larger 
version of itself — a diamond within a 
diamond. A 10-inch scope doubles the 
star count to 30 ane enclosed in ANGC 6905 
an area twice as large, approximately Our next target is mag. +11.1, 
10 arcminutes across. There are also SS) NGC 6905 in Delphinus, a 
some lovely ‘star-strings’ to be found in planetary nebula of comparable magnitude 
NGC 6830, which are visible through to NGC 6886 but considerably larger. 
larger instruments. [] SEEN IT A 6-inch scope shows it as a circular smudge, 
notable because it is located on the western 
3 NGC 6886 side of a ries 6 of sai 
. apparent diameter of 40 arcseconds gives it 
sue Pe a a lower surface brightness than NGC 6886, 
It's located in Sagitta, which neighbours 


but it’s fairly easy to identify. A 10-inch scope 
Vulpecula. Sagitta is the constellation of 


at 100x magnification reveals a beautiful blue 
the Arrow, and you can find NGC 6886 by colour and a more rectangular shape. 
following the arrow’s shaft from Delta to Astronomer John Mallas described the 
Gamma Sagittae (as with our first target) and nebula as appearing to glimmer and flash 
extending it for the same distance again. 


between the stars of the triangle asterism. 
NGC 6884 is. approximately 0,5° southeast For this reason NGC 6905 became known 
of this position. The nebula is tiny, measuring 


as the Blue Flash Nebula. [1 SEEN IT 
just 6 arcseconds across. Even through 


a 10-inch scope at a magnification of 250x, 5 HARVARD 20 


THIS DEEP-SKY TOUR 
HAS BEEN AUTOMATED | 


ASCOM-enabled Go-To 


mounts can now take you to 


this month’s targets at the 
touch of a button, with our 
Deep-Sky Tour file for the 
EQTOUR app. Find it online. 


IM Tick the box when you've seen each one 


1M27 
SS M27, the Dumbbell Nebula, is an 
impressive planetary nebula in 
the constellation of Vulpecula. Imagine a line 
in the sky between mag. +4.3 Delta (8) Sagittae 
and mag. +3.5 Gamma (y) Sagittae: M27 is 
located north of Gamma by the same distance 
as the length of this line. The planetary nebula is 
bright at mag. +7.5 and appears to be around 
6 arcminutes across. Its distinctly apple-core 
shape was described by John Herschel as 
resembling a dumbbell, a title that stuck. An 
Olll filter works well with this target, showing 
an uneven texture to the ‘lobes’. The southwest 
one appears slightly smaller and brighter, 
with even brighter knots along its outer edge. 
Larger instruments reveal several line-of-sight 


stars over the nebula. The mag. +13.8 central 
star is just visible with a 12-inch scope under 
transparent skies using high power. CL] SEEN IT 


2 NGC 6830 
SS ee) Shift your gaze 2° east of 
M27 (or alternatively, 0.5° 


it looks just like a mag. +11.4 star. A 12-inch 
scope starts to show some characteristics 
more becoming of a planetary nebula, 
notably its greenish colour. You really need 
to rack up the magnification even more with 
this one: through a 12-inch scope at 400x, 
the nebula’s slightly elongated disc shape 
becomes evident. [1 SEEN IT 


< M71 is a faint globular 
with dark patches either 

side, which some 
people say seem like 
eyes staring back 


We return to Sagitta for our penultimate 
SS object, open cluster Harvard 20. This 
mag. +7.7 cluster can be found from the mid- 
point along the arrow’s shaft, from Delta to 
Gamma Sagittae. Head southeast from here, 
perpendicular to the shaft for about 50 
areminutes, and you will reach Harvard 20. 
It has to be said, arrival doesn’t actually 
mean that you'll be able to identify it: the 
cluster is 8 arcminutes across and its sparse 
form blends rather well with the myriad 
background Milky Way stars. It can prove 
challenging, but with careful scrutiny a 6-inch 
scope will reveal around a dozen cluster stars 
in a 6x3-areminute area, set against the 
backdrop haze. 1 SEEN IT 


6 M/1 


Our final target is 0.3° southeast of the 

arrow shaft’s mid-point. Here you'll find 
the 8th-magnitude globular cluster M71. As 
globulars go, M71 appears very loose, and 
for a long time was considered to be a dense 
open cluster. It’s easy to identify through a 
6-inch scope, and at 200x magnification it 
should be possible to resolve some of its stars. 
It has an apparent diameter of 7.2 arcminutes, 
although smaller instruments show around 
half this size. An 8-inch scope will reveal a 
rich, albeit faint globular with two darker 
patches either side of the core. Some describe 
these as giving the appearance of eyes 
looking back at you. 1 SEEN IT 


Print out this chart and take an 
automated Go-To tour 
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Ke) ASTROPHOTOGRAPHY 


Moonlight meteors 


RECOMMENDED EQUIPMENT 


DSLR camera, tripod, remote shutter release, a couple of good- 


capacity memory cards, spare batteries 


The Perseid meteor shower can be a 
superb event, but it does require dark 
skies to catch it at its visual best. The 
relatively short nights around mid- 
August, combined with hopefully 
warm-ish temperatures, means that 
observing the shower all night long 
isn’t too much of a chore. 

There are two factors that can ruin this. 
One is the weather, but that’s largely down 
to luck. If there is a really poor outlook 
the best course of action is to move to 
another location where the conditions 
appear more favourable. The other is the 
Moon. If it is in the sky during the 
Perseids, it can have a highly detrimental 
effect on the number of meteors you can 
see with the naked eye. 

The zenithal hourly rate (ZHR) ofa 
meteor shower is calculated by taking 
into consideration all of the important 
factors which can affect meteor visibility. 
a This often produces a value which, for the 
uninitiated at least, can be rather 
# misleading. A meteor shower’s ZHR is a 
g normalised value designed for comparing 
2 the relative activity of one shower to 
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You can still capture Perseid 
images while the Moon is up, but 
you need to:compensate for the 
extra sky brightness it causes 


another. It compensates for things such as 
sky clarity, the altitude of the meteor 
radiant and how much of the sky you can 
see in one go. From a visual standpoint, 
the ZHR represents the pinnacle value of 
the number of meteors you could expect 
with all those factors optimised. This is 
hardly ever the case and the visual rates 
will normally be significantly lower. 
Typically for the Perseids from the UK, 
expect the visual rates to be around 
10-20 per cent of the advertised ZHR. 

All of the ZHR’s component factors 
are important, but to different degrees. 
The one that has the greatest effect is 
sky clarity. It takes surprisingly little 
in the way of reduction in the naked-eye 
limiting magnitude (NELM) to greatly 
reduce the visual rate. This is a 
consequence of poor sky conditions 
being very good at removing numerous 
faint meteor trails. 

A camera sees things somewhat 
differently. A trail that is bright 


enough to record under dark sky conditions 
will record if the sky is bright too. This isn’t 
a camera ‘superpower’ but a consequence 
of quite the opposite — the fact that a 
typical camera will only record brighter 
trails. It’s a fairly common experience 
among meteor photographers to see a 
bright trail pass through the field of 
view of your camera, get all excited 
about what has recorded and then be 
disappointed at how weak the trail 
appears on the final image. Most of the 
spectacular meteor photographs that 
exist have resulted from very bright trails. 
When there’s a bright Moon above 
the horizon, it has the effect of raising 
the sky background illumination level. 
For a visual observer this has a significant 
effect on the NELM, removing all but 
the brightest stars and consequently 
meteors from view. From the camera’s 
perspective the loss of faint meteors 
doesn’t make a whole lot of difference, 
as the ones which would have recorded 
would have been bright anyway. 
However, if you set the camera 
incorrectly you'll end up with an 
overexposed sky background and no 
meteors. Balancing the settings is the key 
to moonlight meteor photography which, 
once addressed, will allow you to achieve 
results despite what initially looks like a 
hopelessly bright sky. Once you’ve caught 
a moonlight meteor on camera, the final 
stage is to adjust the image to show it off 
to its full potential. 


KEY TECHNIQUE 


CATERING FOR THE MOONLIGHT 
The Perseids is the most popular 

annual shower because, as well as 
delivering a good number of meteors, 

it occurs when the nights generally 

aren't that cold. However, not all 


displays are the same thanks to the 
weather and the Moon. There’s not 
much you can do about the weather, 
but the presence of bright moonlight 
doesn’t have to ruin your attempts at 
photographing the Perseids. By carefully 
adjusting your settings to avoid 
background overexposure, it’s still 
possible to get some great results. 


Send your image to: hotshots@skyatnightmagazine.com 
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STEP BY STEP 


a 


STEP 1 


Meteor photography 
doesn’t require a 

lot of sophisticated 
equipment: a DSLR 
on a fixed tripod is 
ideal. We'd recommend 
a lens focal length 
between 18-28mm. 
A wider lens is fine, 
but runs the risk of 
catching sight of the 
Moon. A shutter 
release cable or 
computer connection 
for triggering 
sequential exposures 
is also required. A 
couple of high-capacity |p 
storage cards will 
ensure you can keep 
the camera operating 
continuously. 


Sadly, warm August nights are often rather damp. Check the front lens 
surface often; a 12V camping hairdryer or a dew heater band will allow 
you to keep shooting through the entire night. Aim to point the camera 
at an area of sky which doesn’t include the Moon, and be aware that 
the Moon moves relative to a fixed tripod and could come into view. 


STEP 3 STEP 4 

Set the camera to manual and the lens to manual focus, pre-focusing at Try a 30-second exposure and examine the result. If it’s almost white 
infinity. This can be done by turning lens auto-focus on, pointing at the —_ (above left) reduce the exposure. Repeat until the image appears as it 
Moon and half pressing the shutter button to auto-focus on it. Then set does above right. Don’t reduce the exposure below 10 seconds while 
the lens back to manual focus. Set the f/number to second lowest value —_ doing this; reduce the ISO instead. Too short an exposure will reduce 
and ISO to 1600. Record as JPGs if storage is tight, RAW otherwise. your camera’s display coverage efficiency. 


(NE Se 

STEP 5 STEP 6 

Aim the camera so it’s centred at an altitude approximately two-thirds Transfer your images to a computer and rename any with trails with 
the way up the sky and without the Moon in view. Set the camera’s the prefix ‘meteor_’ to make them easier to find later. Load the meteor 
shooting mode to continuous and lock the remote shutter button on. It’s _ shots into an editor. Using the Levels or Curves tool, drag the mid-point 
a good idea to image in blocks (try one hour). At the end of a block, towards the white point to artificially darken the result. Upping the 
check the lens for moisture and change the battery/storage card over. _ contrast and lowering the brightness can also help to emphasise trails. 


skyatnightmagazine.com 2017 


‘AMERICA, 


COUNTS DOWN TOr 


TOTALITY 


This summer, an eclipse will travel 
from coast to coast across the US 
mainland. Elizabeth Pearson looks 
at how the nation is making plans 
to watch the event 


iN 
Hopkinsville, z =r 
Kentucky is [ 
preparing to — 
a cope with huge 
crowds of people 
hoping for a - 
glimpse of the 
2017 eclipse 
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ike many who have a love affair with the 
stars, ve longed to see the darkness of a 
total eclipse. But as most eclipses fall over 
the middle of oceans, inaccessible areas 
of desert or Arctic tundra, or simply countries far 
beyond my travel budget, so far I’ve been unable 

to witness one in person. 

But in August, 12.25 million Americans won’t 
have such worries as a total solar eclipse will pass 
directly over their heads. The path of the Moon’s 
shadow during this event falls along highways, over 
major cities and past dozens of airports, making it 
the most accessible eclipse in decades. 

If ever there was a time to go and see an eclipse, 
this is it. And so Iam. But this is where the eclipse’s 


SEN CT eee z Wir 


4 The eclipse first hits US 
soil at Depoe Bay, a small 
town in Oregon that may 
struggle to accommodate 
the thousands of visitors 
expected for the event 


V The corridor of totality: 
the yellow lines show 

the time of greatest eclipse 
while the grey lines show 
how much of the Sun’s 
disc will be obscured 


greatest benefit becomes its biggest drawback. It’s 
estimated that as many as seven million people will 
be doing the same thing: travelling to the eclipse’s 
110km-wide corridor of totality (see map below) to 
catch this cosmic event for themselves. 

While planning where best to make camp for my 
eclipse viewing, it quickly became apparent that 
much of its path is populated by little more than 
tiny towns and communities. How are they going 
to cope with the arrival of the massive crowds 
expected for this event? One of the towns likely to 
face the biggest challenge is Depoe Bay, a costal 
town in Oregon, which is expecting to be overrun 
as eclipse hunters flock to witness the lunar shadow 
make its first landfall in the US. > 
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The path offen” 
‘i. passes over the 


dramatic landscape 
of Wyoming's Grand 
Teton National Park 


a 


> “We're a one-road town of 1,500 people that ™ “When the state opened its online campground 


butts up right against the Pacific Ocean,” says Jaci 
McKim, who lives in Depoe Bay and is heading up 
the town’s efforts to plan for the onslaught. “When 
you have NASA projecting that between 50,000 

to 500,000 people will be coming that weekend, 

it becomes an issue for a town our size. There are 


reservations for the eclipse weekend, every space 
in the area of totality from 35 miles north of us to 
35 miles south of us sold out in under 20 minutes. 
It’s nuts,” says McKim. 


Clouds and congestion 

only two small gas stations, two convenience stores, ~ The event is being treated with mixed emotions by 
and a neighbourhood market. That’s it. We’re the townsfolk. “The locals are looking forward to 
working with them to avoid looking like the it on one hand because it’s something they’re not 
zombie apocalypse.” likely to see again in their lifetime, certainly not 


Despite being a tourist town with many hotels 1 Jaci McKim is preparing here in Depoe Bay. But they also realise it’s a matter 
and other guest accommodation, the town has Depoe Bay for the of survival. [They’re wondering] how they protect 
been booked out for months. expected eclipse hunters their property and family during this crazy time.” 


WELCOME JO ECLIPSEVILLE 


The point of greatest eclipse, where the largest shadow falls, will occur 19km northwest 
of Hopkinsville, Kentucky. Brook Jung is the city's eclipse consultant... 


We're looking forward to a visit from the 
chief science observer of the Vatican, he’s 
coming to share his message of science and 
religion with the community. One of our local 
distilleries has even sent corn into space, 
which they've used to make moonshine that 
is literally out of this world. 

This will be the largest event that this 
community has ever seen, and possibly will 
ever see. It’s something that people will 
remember and when they talk about 
Hopkinsville they'll say that we were the 
point of greatest eclipse for 2017's event. 

Having this designation has really been 
wonderful for promoting our community and 
letting people know what a great spot this is 
to witness the eclipse. We'll have two minutes 
Hopkinsville has a population of 32,000 and 40 seconds of totality, which is right up 
people. It’s a rural town where you could end __ there with the longest. People are coming 
up behind a tractor or an Amish buggy on the _ from as far away as Japan and India, so our 
road, but we're expecting up to 100,000 residents are excited to show the world that 
people on eclipse day. famous southern hospitality and really roll 

out the red carpet. 
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As the eclipse moves east it crosses the Rocky 
Mountains, just south of Yellowstone National 
Park, which raises another problem. I'd originally 
considered going to this picturesque location to 
view the eclipse, but there’s one thing that no 
amount of preparation can counteract: the weather, 
specifically clouds. Mobility is key to eclipse 
watching and the only path through the mountains 
is likely to become one giant car park if everybody’s 
using it to try and outrun the gloom. 

Instead, I'll be out in the flat plains of Nebraska 
where hundreds of kilometres of interstate highway 
run through the eclipse track, giving anyone 
chasing totality the best chance of dodging the 
crowds. But the central path of the eclipse, which 
will receive the longest duration of darkness, 
is mostly farmland dotted with small towns 
and hamlets. These areas are likely to become 
gridlocked, leaving people at risk of becoming 
stranded should petrol stations run dry. 

Thankfully the towns become larger as 
the eclipse moves east. After narrowly 
skirting both Kansas City and St Louis, 
the path will cross over Nashville, 
Tennessee. The home of country 
music is the largest city completely 
within the eclipse path, and it’s 
expecting a large crowd. The city’s 
baseball stadium, science centre and a 
local festival are all being turned over 
to eclipse events to help cope with the 
hundreds of thousands expected. 

But the largest crush of people is expected 
to descend upon the nation’s eastern shore. 
For nearly a third of the US population, South 
Carolina will be the closest place to watch the 
eclipse and as many as two million people are 
expected to turn up on eclipse day. 
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Fortunately, the area is much more urbanised 
than the Oregon coast. One of the eclipse’s final 
stops before leaving the nation will be Charleston, 
South Carolina and rather than fighting for 
survival, local businesses are attempting to 
capitalise on the hordes of people coming to 
watch one of the greatest shows in nature. 


Thinking ahead 

Back in early 2016, Charleston Harbor 
Tours received its first phone calls 
from people wanting to watch the 
eclipse as it passes out over the 
Atlantic Ocean. 

“We knew that we really needed to 
do something special for this,” says 
Drew Yochum, the company’s vice 
president of sales and marketing. “We'd 
be out on the water anyway and the eclipse 
is going to come right through Charleston as 
it exits the US, so it’s one of the best spots in the 
country to view it. 

“The response was overwhelming. The first 
tickets went on sale in early January and we had >» 


4 Nashville’s baseball 
stadium will host crowds 
of eclipse watchers 


4 Eclipse-related traffic 
may bring congestion 
to roads in rural areas 
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CHARLSTON HARBOUR TOURS, FRED ESPENAK X 2 


> sold out by March. That’s great because August A Tickets for boat tours eclipse passed over the homes of so many. As people 


is a little bit slower in Charleston, in terms of of Charleston Harbour all along the path of the eclipse prepare to witness 
tourism, as it’s pretty hot at that time of year. So during the eclipse sold out the cosmic ballet, they’re ready to welcome the 
it’s exciting for the hotels and everyone’s looking months before the event, world to watch it with them. @ 


forward to it that I’ve spoken to.” 


On 21 August darkness won’t be the only thing 
descending on the communities within the corridor 
of totality. The eclipse will bring a huge number of 
astronomy enthusiasts along with it. But even with 
the challenges posed by crowds, there’s very much 


an air of excitement. It’s been decades since an 


much to Drew Yochum’s 
(inset) satisfaction 


ABOUT THE WRITER 

Dr Elizabeth Pearson is BBC 
Sky at Night Magazine's news 
editor. She gained her PhD 

in extragalactic astronomy 
at Cardiff University. 


TOTALITY TIMes TWO 


In seven years, on 8 March 2024, another eclipse is due to sweep through the nation. 
Eclipse expert Fred Espenak shares the details with us 


Even a 99% partial eclipse is still just a partial 
eclipse. But once the Sun’s entire disc is 
covered by the Moon and the total eclipse 
begins, the Sun’s brilliance is replaced by an 
eerie black disc of the Moon seen in 
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silhouette. The total phase of a solar eclipse is The path of the 2024 eclipse is around 

unlike any other experience you've ever had. 160km wide, which is wider than 2017. 

And when it ends, it leaves you craving more. __ It's also going across the central and 

Fortunately, anyone living in the US won't northeastern states where most of the 

have to wait very long. population is. This year it’s going through 
The path of totality in 2024 starts in the places such as Idaho and Wyoming, which 

South Pacific, hits the coast of Mexico and are very low population areas. Even though 

shortly after reaches its point of greatest 2024's eclipse isn’t traversing as much of the 

eclipse, where the duration is four minutes US, there might be more people in its path. 


and 28 seconds. It will be longer in 2024 

because the Moon is closer to perigee. 

It then continues northeast, crossing 

over 15 States and then into Canada. 
The path of this eclipse will cross 

with the 2017 one in southern Illinois. 

The small city of Carbondale is in the 

path of both of those eclipses and its 

citizens are making a big fuss about 

being the ‘Eclipse City’, by virtue of 

having two eclipses in seven years. 

It's not uncommon for two eclipses to 

cross over. What is uncommon is for 

you to be at that vertex. The mean time 

between eclipses in one spot is 375 ‘ f 

years. The dispersion on that number is One of Fred’s fantastic eclipse shots A 

huge though; it could be several hundred the diamond-ring effect, shot on 9 Mare 

years, it could be just two. 2016 from Makassar Strait, Indonesia 
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Jets of particles from the poles of 
collapsed but still-spinning stars 
give pulsars their lighthouse-like 
defining characteristic 


skyatnightmagazine.com 2017 


>. Seven years after their 

overy, Jocetyn Bell (left) 
hony*Hewish inspéct the’ 
lescope that revealed 


he existence of pulsars 


ABOUT THE WRITER 
Govert Schilling is an 
astronomy journalist based 

in the Netherlands. His book : 
Ripples in Spacetime, goes 

on sale at'the end of July. 


magine a sphere the size of the Isle of 

Wight. It holds almost 1.5 times the mass 

_ of the Sun; one spoonful easily weighs five 

4 billion tonnes: The ultra-compact cosmic, 
cannonball whirls @round its axis at 43,000 times 
a minute — faster than your kitchen blender. 
Located 20;000 lightyears away, its collimated * 

, -  beams‘of radio waves sweep through the Milky ' 

B= : -Way. In November 2004, the rapid flickering of 

, : this celestial lighthouse was detected by Canadian 


’ e 
. radio astronomer Jason Hessels. PSR J1748- ° 
2446ad, as the object has been christened, is still 
0 e 


the fastest-known millisecond pulsar. 

Pulsar astronomy is 50 years old this month. In 
-August 1967, graduate student Jocelyn Bell (now 
Bell Burnell) discovered the Lut ‘pulsating radio 
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star’ at the Mullard Radio Agtrenomy ‘Observatory 
near Cambridge. The find brought her thesis 
advisor Antony Hewish.a share in the 1974 Nobel 
Prize.in Physics. Ever since, the study of these 
weird beacons — the collapsed remnants of massive 
stars that went supernova at the end of their lives 
—has yielded new astronomical surprises. Hessels’ 
cosmic kitchen blender was just another milestone 
along pe road of pulsar SO 


Conipucne power 
To date, some 3,000pulsars are known. But 


rin oe : . Fe 
discovering new ones isn’t as straightforward 


as that number might suggest. They’re small 
and faint; explains pulsar astronomer Joeri van 
Leeuwen of ASTRON, the Netherlands Institute 
for Radio Astronomy. Moreover, their pulses are 


* smeared out by electrons in interstellar space. 


A large radio telescope in itself is not sufficient to 
find néw pulsars; astronomers need the number- 
crunching brute force of computers to search the 
collectéd data for the subtle flickering. 

Asked about the most important technological 
eoccepment that enabled the ean of ae > 


. . : “This ultra-compact 
_ - __.. eosmic-cannonball whirls 
around its axis at 43,000 


; times in a minute” 
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> discoveries over the past half century, van 


Leeuwen has one succinct answer: “Computers.” 

If 21st-century computer technology had been 
available back in the late 1960s, he explains, almost 
all current knowledge could’ve been gleaned back 
then. After all, pulsar research is all about finding 


4 The strong gravitational 
fields around binary 
pulsars enable scientists to 
put general relativity 

to the test 


Five questions for 


as many celestial lighthouses as possible, and 
precisely clocking the arrival times of their 
individual radio pulses. 

That’s how American radio astronomers Joe 
Taylor and Joel Weisberg were able to detect 
gravitational waves (albeit indirectly) in the late 


JOCELYN BELL BURNELL 
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What brought you into radio astronomy? 

| wanted to become an astronomer, but I’ve 
always been bad at staying up at night, so 
that ruled out optical astronomy. | had no 
idea of where it would take me. Back in 
1967, radio astronomy was a very new 
and exciting field. 


When was the first pulsar discovered? 
Observations with the new radio telescope at 
Mullard started in late July 1967. With 
hindsight, the pulsar signal was visible in data 
taken in August. However, the actual moment 
of discovery was the night of 27/28 
November, when | found the famous ‘bit 

of scruff’ while studying tens of metres of 
chart recordings. 


Over the past 50 years, what has been the 
most important result? 
I'd rather not pick one thing — there has been 


a lot. The discovery of the pulsar in the Crab 
Nebula, in 1968, revealed that pulsars are 
rotating objects instead of vibrating ones 

— that was very important. Of course, binary 
pulsars and millisecond pulsars were 
breakthrough discoveries, too. 


Do you have a favourite pulsar? 

No, | don’t, although PSR B1919+21, which | 
found in 1967, is obviously very special. [The 
chart recordings of this pulsar grace the cover 
of British rock band Joy Division’s 1979 debut 
album Unknown Pleasures.] 


How will the 50th anniversary of pulsar 
astronomy be celebrated? 

There's going to be an International 
Astronomical Union symposium on ‘50 years 
of pulsars’ in early September, at the Jodrell 
Bank Observatory near Manchester. It’s 
already completely full. 


1970s. In 1974, Taylor’s graduate student Russell 
Hulse discovered a pulsar in a binary system and 
careful timing measurements over subsequent 
years revealed that its orbit was slowly shrinking. 
Its ever-decreasing orbital circles were the result of 
energy being carried away by the spacetime ripples 
predicted by Einstein’s theory of general relativity. 

Astronomers now know of about a dozen pulsars 
that orbit another neutron star (which may or may 
not be visible as the pulsars themselves). In 2014, 
they even found a triple system. These natural 
physics laboratories enable subtle tests of general 
relativity. So far, the match between theory and 
observation is “frustratingly perfect”, according to 
Hessels, who is now also at ASTRON. Still, future 
measurements might reveal tiny discrepancies. 

The first discovery of a millisecond pulsar, in 
1982 by Berkeley astronomers Don Backer and 
Shrinivas Kulkarni, was another unexpected 
breakthrough. Whirling around at hundreds of 
revolutions per second, it’s thought that millisecond 
pulsar are spun up to such speeds by acreeting 
matter from a companion star. However, many 
millisecond pulsars are single. “It’s still a puzzle,” 
says Hessels. “Maybe the companions have been 
evaporated away.” 


More to learn 

Pulsar studies not only yield information on general 
relativity and stellar evolution; scrutinising the 
ultra-dense and strongly magnetised objects also 
sheds light on condensed-matter physics. Who 
knows, a pulsar’s interior may contain quark matter, 
in which individual quarks are not bound into 
nuclear particles — something that has only been 
observed in particle accelerators so far. Pulsars (and 
neutron stars in general) are also of much interest 
to high-energy astrophysicists working on cosmic 
gamma rays (pulsars are copious emitters), gamma- 
ray bursts, fast radio bursts and very-low-frequency 
gravitational waves (see Ripple detectors). 
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Pulsars could allow us to study 
gravitational waves produced - 
by a collision of supermassive 
binary black holes 


IPPLE 


DE LEC LORS 


Pulsars could provide us with deeper insights into 
gravitational waves 


Pulsars may betray the existence of 
low-frequency gravitational waves that 
can’t be measured by ground-based 
detectors such as LIGO. Suppose a 
ripple in spacetime travels through the 
Universe, alternately squeezing and 
stretching space itself. If the 
wavelength is long enough — so that 
the stretching and squeezing occurs 
very slowly — it should be possible to 
detect the effect in the pulse arrival 
times of distant pulsars. The reason: 

if the space between the Earth and the 


Vv Studying a black hole’s 
effect on a millisecond 
pulsar could unlock a 
theory of quantum gravity 


pulsar expands, the pulses will take 
longer to arrive at our radio telescope. 
Equally, if space contracts, the pulses 
will arrive a little bit earlier than 
expected. Surprisingly, such extremely 
low-frequency Einstein waves are 
expected to exist. They should be 
generated by binary supermassive 
black holes in the cores of distant 
galaxies. So far, however, searches 
for these ‘nanohertz waves’, carried 
out in Australia, Europe and the United 
States have come up empty. 


Back in 1967, the first pulsar discovered 
by Jocelyn Bell Burnell was so mysterious 
that astronomers briefly thought they might 


have detected artificial radio signals from an 


extraterrestrial civilisation. In the 50 years since 
then pulsar astronomy has rapidly evolved from 
groping in the dark to a cutting-edge sub-discipline 
of astrophysics, yielding new insights about the 
high-energy universe that’s at least as exciting as a 
phonecall from ET. 

In 2067, 50 years from now, new searches may 
have revealed pulsars in other galaxies, beyond 


the Magellanic Clouds, muses Bell Burnell. “Or in 
intergalactic space,” she says, referring to them as 
“missing bits of the jigsaw puzzle.” Hessels expects 
thousands of new millisecond pulsars to have been 
discovered by then. “Also, extragalactic pulsars 
may help us probe the space between galaxies,” he 
adds. Meanwhile, van Leeuwen looks forward to 
anew revolutionary milestone: the discovery of a 
millisecond pulsar orbiting a black hole. “My hope 
is that such an extreme system might finally reveal 
a crack in general relativity, leading the way to the 
long-sought theory of quantum gravity.” © 
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Sk 


Chris Bramley went 

to the Isle of Skye in 
search of starry skies 
and found magical 
scenery, dark nights and 
rugged peacefulness 


<8 
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Chris Bramley has ‘over 
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in science journalism, 
and:has edited 

BBC Sky at Night 
Magazine since 2011. 
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The Northern Lights over 
the Mealt Falls on the Isle 
- of Skye in Scotland 


“You totally 
can’t miss the 
Milky Way on 

clear nights, 

it’s there for 


all to see” 
Gerry Arscott 


The 
over Loch Als 
Skye to the mainland 


ith a name like Skye, 

the largest island of the 

Inner Hebrides conjures 

up images of wide-open 
horizons and dark nights. Its northerly 
location also means that it’s a promising 
location for aurora watching. Keen to see 
if that was the case I set off on a short 
break from southern Britain for the 750km 
journey to the north of the UK. 

After a short flight to Inverness I began 
the longer drive across Scotland to its west 
coast. I was soon out of the UK’s most 
northerly city onto open roads — a thrilling 
journey through dramatic highland 
scenery, with buzzards gliding overhead 
and sightings of deer across the wide, open 
valleys. On this route, Loch Carron is the 
first introduction to Scotland’s northwest 
coast: an intimate yet no less rugged 
landscape scattered with bodies of water. 
It’s across one of these, Loch Alsh, that 
the Skye Bridge spans, taking you onto 
the island itself. 

By the time I crossed the Skye Bridge 
it was dark —a darkness without the 
creeping, orange skyglow of light pollution 
on the horizon. Later that evening I got 
to the first spot where I could take in the 
night skies, a remote beach on the island’s 
southern peninsula, Sleat. It was a calm 
night, and the waters lapped gently on 
the pebbly shore. Across the narrow sea 
channel the uneven line of the mainland 
coast stood out, while a red light at the 
end of a pontoon blinked slowly in the 
middle distance. 

Above, clouds raced across a waxing 
gibbous Moon with Venus nestled close by. 
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Gaps elsewhere revealed a sky dotted with 
bright starlight, all the more enchanting 
for their scarcity. It was far from clear, but 
nevertheless the night was breathtaking. 
As the moonlight reflected on the rippling 
water, I thought about what a cloudless 
night would bring — stars falling down to 
the horizon, cut off abruptly by the black 
line of that rugged coastline across the sea. 

“You totally can’t miss the Milky Way 
on clear nights, it’s there for all to see,” 
says Gerry Arscott when I visit the next 
day. A keen astronomer, Gerry and wife 
Margaret run the Soluis Mu Thuath guest 
house on the Lochalsh peninsula, the 
part of the mainland closest to Skye. 
“Many of our guests are amazed at what 
they can see with the naked eye,” he 
continues. “We had one couple from 
Derby, who were up until 2 or 3am most 
nights they were here, with their 5-inch 
refractor set up in the garden.” 


Early promise 

This sounds fantastic I think, willing 
the clouds to clear. Margaret goes on to 
describe how the name of their guest 
house means Northern Lights in Gaelic, 
the local language here in Highland 
Scotland. “It’s pronounced ‘Sue-lis 

Mu Who-er’,” she says. 

“We regularly see them, but one night 
recently stands out. The aurora came 
along after 10pm. I got everyone to come 
out in the garden, and we were all out in 
pyjamas looking up, in the middle 
of October!” But there was to be no late- 
night observing for my visit, the clouds 
remaining stubbornly persistent.» 


skyatnightmagazine.com 2017 


OLIVER TAYLOR/ALAMY STOCK PHOTO, ISTOCK 


GILL WILLIAMS X 4, ISTOCK, ANDY STABLES X 2, ISLE OF SKYE MAP: CONTAINS ORDNANCE SURVEY DATA © CROWN 


COPYRIGHT AND DATABASE RIGHT, BRAE FASACH SELF CATERING, DUISDALE HOUSE HOTEL, SKEABOST HOTEL 


4 Daytime at Waternish, where the sea 
views are as stunning as the night sky ones 


4 Sunset from Waternish, with the 
Outer Hebrides visible in the distance 


AURORA APP MADE IN SKYE 


Skye’s Andy Stables 
is a dedicated aurora 
observer who has 
designed an aurora 
prediction app that’s 
used across the UK 
“Not long after | 
started photographing 
the aurora regularly, | 
realised that it would be possible to predict 
aurora activity by referencing the displays 
observed against magnetometer readings 
and finding where the signatures of 
geomagnetic substorms were in the data. 

| got in touch with the Tromso 
Geophysical Observatory and got their 
magnetometer readings for a year, then 
correlated photos against detection on 
the magnetometer graphs. It was pretty 
arduous, but from that came the 
UK Aurora Alerts App. 

Geomagnetic storms have three key 
stages: an expansion phase, a substorm 
onset, and the recovery phase. The substorm 
onset is the holy grail: there’s a massive 
release of energy as light over a very short 
period of time and you get a burst of full 
colour aurora for around 10 minutes. Then 
it drops away to the recovery phase, when 
there can be a nice show for hours. 

The magnetometers in Norway track 
the interplanetary magnetic field down 
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to the latitude of Shetland. The app uses 
this data, so it gives a few hours’ warning 
of an aurora display. It really kicks into 
life when activity stars. Users can log 
whether they’ve seen the auroras and 
this shows up on the map. There are 
regular sightings logged on the app from 
Norfolk, Wales and southwest England. 
When there's a spectacular display, the 
whole map is covered with sightings.” 


* Get the UK Aurora Alerts App free for 
desktops or smartphones at 


and follow Glendale Skye Auroras on 
Facebook for notifications of alerts. 


The Milky Way, captured here 
by Gill Williams, is an easy 
spot from this remote isle 


Gill Williams’s shot 
of auroral rays rising 
through starlit skies 


> I wasn’t having much luck seeing the 
aurora by night so, to make up for it, 

by day I met people who had. The next 
morning I travelled to the north of Skye, 
to the Waternish peninsula, through the 
upland landscape, dotted here and there 
with the low, white houses characteristic 
of the island. To come to Skye and the 
Scottish Highlands from southern 
England is to witness a dramatic change 
in scenery: to swap urban development for 
wide-open, rugged wilderness. 

On the west coast of Waternish, that 
scenery includes stunning sea views over 
the Little Minch to the Outer Hebrides on 
the horizon, about 35km away. “Sunsets 
are phenomenal here,” says one of the 
people I’ve come to meet, artist and 
photographer Gill Williams, as we stand 
admiring the view from the Brae Fasach 
art gallery and café she runs with husband 
Ian, also an artist. “We’re west-facing and 
they reflect across the water of the bay 
down below the peninsula.” 


Green with envy 

Inside, we move on to talking about the 
aurora. Much to my envy, Ian relates how 
there’s some form of aurora display every 
night, if youre wrapped up warm enough 
to wait. “T feel slightly blasé about the 
aurora now. If it’s not red, I don’t usually 
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you get ribbons which shoot across the sky. 
It’s like a cathedral — with the tracery of 
the ceiling spanning over your head.” 

Gill is as enthusiastic: “The solar 
wind hits atoms high in the atmosphere, 
its electrical charge travels at over 
160,000km/h, and to see that reflected on 
water is fantastic!” 

My time on Skye passed without 
witnessing that view. But the pictures that 
Gill emailed the following week of green 
auroral rays rising through clear, starlit 
skies showed that I was just experiencing 
PWscniclceko acta the luck familiar to many who go in search 

Teter §=— of aurora. What I had found on my visit, 

by Andy Stables though, was a magical, dramatic, peaceful 
place that is definitely worth returning to 


bother!” he jokes. “To the eye it starts descending over your head. Your eyes can’t. on another aurora search. @ 
as a silvery glow when you're looking keep up with it, it’s moving so fast. The 
north. With stronger displays, it then majority we see are glows, but there are also Chris stayed on Skye with the 


develops until it’s almost like an umbrella _ rays that drop in and dance around. Then _—_ Sonas Group of hotels 


~SAYE FACT FILE 


‘ Inverness Airport, which is regularly served with flights by British 

= Airways, FlyBe, easyJet and KLM. Skye is also served by regular bus 
services from Inverness and Glasgow. The nearest train station is Kyle of 
Lochalsh, and there are bus services from there across the Skye Bridge. 


STAYING THERE 

Soluis mu Thuath guest house 

Braeintra, By Achmore, IV53 8UP © 01599 

_ 577219 © www.highlandsaccommodation.co.uk 
3 Located on the mainland, half an hour's drive 
from southern Skye, this guest house is run by 
experienced astronomers and is set in scenic, 

| peaceful surrounds off the beaten path. 


DUIRINISH © * 
MINGINISH de ; Brae Fasach self catering 

; Loch Bay, Waternish, IV55 8GD 

© 01470 592732 © www.braefasach.co.uk 

Situated in the north of Skye with views across the 

sea to the Outer Hebrides, this self-catering 

apartment sleeps three and is run by keen aurora 


photographers and stargazers. 


© Dark Sky 


Duisdale House Hotel 

Isle Ornsay, Sleat, 1V43 8QW 

© 01471 833202 * www.duisdale.com 

This former Victorian hunting lodge turned 
boutique hotel sits at the gateway to Skye’s 
southeast peninsula and offers award-winning 
1 cuisine, roaring fires and cosy lounges. 


BY NIGHT 

With its low population and mountainous terrain Skye has minimal light 
pollution. There are nine Milky Way-class Dark Sky Discovery Sites, 
three in the north of the island on the Waternish peninsula, three in the 
south of the island, and three in the southeast, on the Sleat peninsula. 


BY DAY 

Skye’s hills offer great walking, from the demanding Cuillins to the 
moderate Storr and Quiriang, and the easier Fairy Pools and Coral 
Beaches. Its coast and lochs hide remote beaches that are good for 
bird watching and whale, dolphin and seal spotting. Other highlights 
include its many castles, both ruined (Dunscaith) and inhabited 
(Dunvegan), and the Talisker Distillery. 


Skeabost Bridge, 1V51 9NP 

@ 01470 532202 © www.skeabosthotel.com 
Set in extensive waterfront grounds, this country 
j house hotel has luxurious rooms and fine dining, 
plus a nine-hole golf course, fishing and daily 
sailing excursions on a 5Oft yacht. 


MORE INFO 
GETTING THERE Visit Scotland, Skye: wwwwisitscotland.com/destinations-maps/isle-skye 
Most visitors travel to Skye by car. The island is a three-hour drive from Dark Skye: www.darksky-skye.com 
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Brush up on your astronomy prowess with our team of experts 


The Guide 


Getting to grips with equatorial mounts 


What EQ mounts are, what they do and how they can improve your observing 


With 
Paul Money 


he sky offers up countless > The typical elements of an 
wonders for us to view. With equatorial mount; on display here | Dovetail saddl 
the naked eye the motion is the Sky-Watcher EQ6-R Pro idea 


for telescope 


of the stars is barely perceptible, 
but look again with any form of optical 
aid and they present a problem — they 
move! For brief observing sessions you 
can keep adjusting a telescope’s 
orientation to compensate for this, but 
it’s a different matter if you want to study Dec. axis 
a single target for an extended period 
of time, or take a long-exposure image. 
This is where an equatorial (EQ) mount 
comes into its own. 

Most commercial models are based on 
the German Equatorial Mount (GEM). 
One axis is aimed at, and ideally lined up 
accurately with, Earth’s axis of rotation. 
For the northern hemisphere, we have a 
convenient star almost on top of that 
point, the north celestial pole. This star is 
Polaris (Alpha Ursae Minoris), which is 
why it is called the pole star. Southern Counterweights 
hemisphere astronomers have much 
fainter stars close to their celestial pole and 


RA axis 


Go-To hand controller 


so offset from nearby Sigma Octantis. 


Fall into line 

By aligning one axis with the pole 

star, the mount’s rotation will match 
the rotation of Earth itself. For most ; 
visual purposes a rough alignment is Sturdy tripod 

all that is required to keep the target in x 
the view of the eyepiece. However, with < 
prolonged viewing, there will be a steady 

drift of the target and occasional ‘nudges’ 

will be needed to bring it back to the 

centre. For more accurate tracking, an 

accessory called a polarscope, which is B®. 
usually fitted on the axis of the mount 
pointing northwards, will be of great help 


. 
when it comes to achieving alignment. 
- 
e 


~* 
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Although early commercial equatorial 
mounts were undriven and required 
users to use slow-motion hand controls 
to keep targets in the field of view of the 
eyepiece, today many beginner systems 
have drives on both axes and are supplied 
with a computerised Go-To hand 
controller. We are well and truly spoiled 
in this modern age. 

Go-To gives you the option to use up 
to three stars to help align the mount, 
assuming it has been roughly aligned 
already. Once aligned then you can 
select and slew to a whole range of 
targets. You can take a tour, locate and 
view deep-sky objects and the fainter 
members of the Solar System, such as 
comets, asteroids and even Pluto if your 
telescope has the aperture. Computerised 
mounts also allow for the even finer 
accurate alignment needed for deep-sky 


astrophotography and have brought this 
specialty within reach of the many. 


The sum of its parts 

The principal part of a mount is the 
mount head, which has two fully 
rotatable axes: one in declination (dec.), 
the north-south axis, and the other in 
right ascension (RA). It is the RA axis 
that needs to be aligned with the pole 
star and it forms the main bulk of the 
mount head. On the top is the saddle, 


which is where you attach your telescope. 


It is usually one of two variants: the 
‘standard’ Vixen-style dovetail bar or 
the wider Losmandy-style. Some 
mounts now have dual saddles, giving 
you both options. 

The mount body also contains the 
electronics and has ports for connecting 
the Go-To hand controller, power and an 
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autoguiding port for astrophotography. 


With the GEM, counterweights are 


attached to the dec. axis, with the weight 
you need dependent upon the weight of 
the telescope plus any additional 
equipment or accessories, such as imaging 
cameras and guidescopes. Finally, for 
stability the mount is fixed to a sturdy 
tripod with adjustable legs. 

Equatorial mounts have become very 
versatile, with a wide range of carrying 
capacity from very portable small systems 
for cameras up to large systems for deep 
views and imaging of the cosmos. Today 
there are even variants that can act as both 
equatorial and altaz (AZ) mounts for even 
greater flexibility. We will look at AZ 
systems next month. (S] 


Paul Money is BBC Sky at Night 
Magazine’s reviews editor 


EQUATORIAL MOUNT VARIANTS 


The GEM is the most common EQ mount, but it is not the only one 


CEM 


The Centre-balanced Equatorial Mount (CEM) 
is a relatively recent introduction from iOptron 
that places the load-bearing RA axis between 
two points as opposed to one, which leads to 


an unusual Z-shaped design including the 
counterweights shaft. An advantage of this 
design is that it places the centre of gravity 
directly over the centre of the tripod, and 
quite low, making for a more stable setup. 


PEM 


The English Mount was a very large Victorian 


design suited to permanent observatories. 
The Portable English Mount (PEM), the 
scaled-down version from UK companies 
Astromount and AWR, holds great promise. 
The load capacity is in excess of 50kg and, 
due to the popularity and interest in the 
mount, a mini-PEM with a capacity of up to 
25kg is in development. Watch this space. 


= 


CAMERA TRACKING MOUNTS 


These mounts are extremely lightweight and 
small; essentially, they are miniaturised EQ 
mounts. With a load range encompassing 
anything from DSLRs up to small telescopes 
they have revolutionised travel astronomy, 
being ideal for solar eclipse and wide-field, 
deep-sky photography anywhere in the world. 
As they are compact and run on batteries, 
they are great grab-and-go systems. 
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With 
Mark 
Parrish 


The tripod can be 

left outside and 

polar aligned for as 
| lon ed 


ost astronomers would love 
a permanent observing setup 
in their garden, and to that 
end an observatory or a solid 
pier is often the dream solution. Of course, 
that’s not always possible. What if there are 
surrounding trees or buildings that mean 
you need to shift your setup to different 
parts of your garden to view different parts 
of the sky? What if you can’t make permanent 
changes to your property? Whatever 
limitations you face, the inevitable result is 
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that you are obliged to use a moveable 
tripod. This brings its own issues. Taking 
your tripod indoors after each session loses 
your carefully gained polar alignment, but 
leaving what can be a very expensive piece 
of equipment outside could be a big 
attraction for thieves. That’s why this 
month we’re going to explain how to build 
an inexpensive, stable tripod that can be 
left in place or moved around as needed. 
The timber you'll need can be readily 
acquired from a local builder’s merchant. 


SKILLS 


Download cutting templates for this 
project in this month's Bonus Content 


™ Build a low-cost wooden tripod 
A non-permanent alternative to a solid pier or home observatory 


TOOLS AND 
MATERIALS 


TOOLS 


Hand saw, jigsaw or chop saw, 


drill and bits. 


MATERIALS 

Two 8f lengths of 98x38mm 
construction timber, four 8ft lengths 
of 63x38mm construction timber, 
1/8th of a sheet of 18mm plywood 
or similar, plus a few small offcuts 
of plywood. 


SUNDRIES 

Nine M10x150mm coach bolts 
with nuts and washers, three pairs 
of 75mm butt hinges and screws. 
A few each of 4-inch and 2-inch 
woodscrews, plus a pair of M6x60 
bolts with wingnuts. 


FINISH 
Approxiomately 0.51 of preservative 
wood stain. 


We chose ‘prepared’ (planed) timber 
because it is nicer to handle and looks 
attractive, but you could use equivalent 
rough-sawn wood to reduce the cost 
further. The bolted construction of the leg 
frames and the use of hinges to join the 
frames mean you don’t need to have any 
special skills to assemble the main parts. 
The tripod is immensely strong and has 
plenty of mass, which helps to provide a 
very solid platform on which to fix your 
mount. Our tripod is 1,065mm (3.5ft) tall 
but you can alter the design of the central 
pier; for example, make it taller if you have 


a long refractor or shorter for a big 
Newtonian. We used a dark brown 
preservative wood stain, but there are 
many colours available, so you could 
camouflage your tripod to blend in with 
the bushes or match other garden 
furniture and features. 

The top of the tripod and the mount 
fixing consist of a number of hexagonal 
plywood plates. Luckily, if you can’t 
remember your school geometry lessons 
there is a downloadable template in this 
month’s Bonus Content. It’s best to cut 
them simultaneously so that each ends up 
the same shape. If you mark one edge of 
the stack you can realign them easily even 
if they aren’t perfectly symmetrical. 


Plating up 

Your telescope mount will be bolted to its 
own removable hexagonal top plate, which 
fits precisely into the tray-like, fixed top 
plate on the tripod. This means you can 
lift off the whole assembly after an 
observing session and then replace it the 
following evening, maintaining your polar 
alignment. We drilled two holes through 
our top plates and used a couple of small 
bolts with wingnuts to hold them together 
once the mount assembly is lifted on, so 
there is no danger of equipment being 
knocked off during use. You could also use 
a G clamp for this purpose. 

Adapting the removable top plate to suit 
your mount may require a bit of careful 
measuring and cutting but, having 
examined a multitude of EQ mounts from 
various manufacturers, we concluded that 
you will normally just have to cut a large 
round hole (often around 60mm in 
diameter) in the upper, thick layer of 
plywood and a smaller 10mm hole ina 
thinner layer that is subsequently glued 
beneath. Many manufacturers sell ‘pier top 
adaptors’ for just this kind of project, and 
they are worth investigating if you prefer 
to keep things simple. 

If you need a stable, non-permanent, 
economical base on which to mount your 
equipment we hope that you will want to 
give this project a try. You may have a 
number of mounts, in which case you 
could make a separate top plate for each 
one, so swapping them becomes a cinch, or 
you may decide to make a couple of 
tripods; locating them in the optimum 
areas of your garden for different sections 
of the sky and moving about during a 
night’s observing. @ 

Mark Parrish is a consummate craftsman. 
See more of his work at buttondesign.co.uk 
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After carefully marking out the parts, use a 
saw to cut them to size. You can download 
templates from our Bonus Content to help 
you get the angles right. If you have access 
to a chop saw you could save some time 
here. Check the similar pieces match. 


STEP 3 


Once all the timber is cut, sand any rough 
edges and check it all fits together. If the 
holes are tight you can ‘waggle’ the drill 
or re-drill them using a 10.5mm bit. Now 
is a good time to paint the wood with 
preservative stain. 


Mark out the plywood hexagons. Drill a 
centre hole in each and a second hole near 
to one corner, then use small bolts or dowels 
to hold the layers together before cutting 

— this ensures replica shapes. Screw one fixed 
top plate to the tripod and add plywood lips. 


STEP 2 


Drill the 10mm holes in one example of 
each part. Use this to transfer markings to 
the corresponding parts. You can line up 
the parts with the ‘master’ on top then put 
a bolt in the hole and strike it with a 
hammer, denting the one below. 


Bolt the three triangular leg frames together. 
Each short ‘foot’ section should be fixed 
between the two leg struts with long 
woodscrews once you have aligned the other 
elements. Fix a pair of hinges to each frame 
then join all three frames to form the tripod. 


Measure your mount. Cut a suitable hole 

in a removable top plate. Glue a block of 
hardwood or similar into a notch to form 

a pin for the alignment screws. Screw a 
second thin layer of ply (with a central hole 
for the fixing screw) to the underside. 
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= With 
Martin Lewis 


SKILLS 


PROCESSING 


Introduction to planetary imaging with PIPP 


Stabilise shaky footage and more with this versatile video-processing program 


he Planetary Imaging 
PreProcessor — PIPP, as it’s more 
commonly known - is a very 
useful and versatile free 
video-processing program. Although it 
was originally intended to prepare videos 
to run through stacking programs such as 
AutoStakkert2 or RegiStax more efficiently, 
the number of features PIPP now boasts 
means it can be used in a whole range of 
situations, such as altering digital videos 
or creating videos and animations from 
separate frames. PIPP can be used to 
execute many processing tasks and will get 
you out of difficulties when things have 
gone wrong, making it the Swiss Army 
knife of the astro-video processing world. 
One of PIPP’s most helpful features is 
the ability to lock onto objects of interest, 
place them in the centre of the frame, then 
crop off unwanted outer areas. To do 
this, first select your videos using the 
Add Image Files button on the Source 
Files tab and tick the Planetary option 
at the bottom. Next in the Processing 
Options tab check the planet’s outline 
detection is working correctly by hitting 
the Test Detect Threshold button. Alter 
the threshold setting manually if needed; 
it’s particularly important to get this right 
if your image includes bright twilight. 
Choose your crop size and use the Test 
Options button to check its suitability. 
When you hit start in the final Do 
Processing tab, PIPP will create a new 
video with the object at the centre of each 
cropped-down frame. The crop function 
has an X/Y offset option — this, for example, 
means you can stabilise an image of Jupiter 
but offset that crop so that the output video 
has just one moon in it, the position of 
which is stabilised on its parent planet. 
This ‘detect and centre with auto- 
threshold’ routine is one of the most 
powerful tools in PIPP, as it allows you to 
stabilise shaky video affected by wind or 
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File Options 


Source Files | Input Options | Processing Options | Quality Options | Animation Options | Output Options | Do Processing 
Image Files (12383 frames) | Dark Files (Oframes) | Flat Files (Oframes) | Flat Dark Files (Oframes) 


Processing Help 


Mutiple Source Files 
a 
Rano les : @ Batch Mode 


Join Mode 


Image Files List 

Filename Type Frames FPS Size Date Filesize Directory 

dup_20170523_ZWO ASII174MC_L.. ser(RGGB) 4393 73.19 704x682 23/05/2017 1.96GB Y:\377 23-5-17 Jupiter ASI174 MC and MM 
dJup_20170523_ZWO ASI174MC_L.. ser(RGGB) 4031 67.16 704x682 23/05/2017 18GB Y.\377 23-5-17 Jupiter ASI174 MC and MM 
Jup_20170523_ZWO ASI174MC_L.. ser(RGGB) 3959 65.95 704x682 23/05/2017 1.77GB Y.\377 23-5-17 Jupiter ASI174 MC and MM 


Optimise Options For: 
(U] Planetary 


Solar/Lunar Close-up 


Solar/Lunar Full Disc 


AVI Archive 


a The Source Files tab - this is where the recordings you add into PIPP will appear 


File Options Processing Help 


Input Gain And Gamma Correction 


10 2] Gain To Apply To Each Frame Before Processing > 
7.0 [2] Gamma Comect Value (Use 1.0 To Disable) 
Noise Fier 

Enable Median Noise Fiter (Monochrome/Riaw Colour Only) we 
Monochrome Conversion 

Convert Colour To Monochrome Ba 


Histogram Equalisation 
Stretch Histogram White Point To: 75 % A 
Set Histogram Black Point To 0% 


Equalise R, G and B Channels Individually 


Overexposed Detection 
Reject Frames With Overexposed Pxxels 


@| 


Flip And Rotate 
Flip Honzontally Fip Vertically OD 
| No Rotation =] 


[_Test Options . 


Source Files I Input Options || Processing Options || Quality Options | Animation Options I Output Options [Do Processing 


Frame Stabilisation Mode 


None © Object/Pianetary Surface Feature 

Object Detection 

¥] Enable Object Detection (Rejects Frames Wathout Object =| 
Object Detection Parameters 

25 + Minimum Object Size (Pocels) 


Object Detection Threshold 
Y) Auto Object Detection Threshold Test Detect 
Object Detection Threshold (1 to 255) Threshold | 


Cropping 
¥} Enable Cropping 


+{ Crop Width (X) 0 
=| Crop Height (Y) 0 
Frame Resize (Reduce) 


Resize Frames 


Keep Original Aspect Ratio 


4 The Processing Options tab is where you set crop offsets and the object detection threshold 


poor tracking before you move into 
another program to perform stacking and 
aligning. It seems to be able to cope with 
shaky videos better than stacking programs 
themselves, and its use beforehand gives 
those programs the best chance of working 
properly. It can also stabilise lunar and 
solar images in which you have a surface 


rather than a globe. To access these 
settings, tick the Solar/Lunar Close-Up 
option on the Source Files tab and then 
review the new set of default settings in the 
Processing Options tab. 

Using the Join Mode function on the 
Source Files tab will connect two or more 
videos together prior to stacking. With 


Frame Number 
1 of 4393 


Detect Threshold 
22 

Frame Size 

704 x 682 

Max Pxxel Value 
72% 83% 80% 
LR OG eB | 


Zoom 
WJ 
Control 


Update Image 


500 600 7 


4 The detection threshold around our image of the gas giant planet Jupiter 


IMAGE PROCESSING AUGUST 85 


set of separate frames, or conversely split a 
video into individual frames. This latter 
feature is particularly useful if you want to 
take an ISS video and split it into separate 
frames for later processing, and especially 
good for ISS video processing with its 
frame detection and centring functions. 
PIPP allows you to save in uncompressed 
format for maximum quality or you can 
save in a compressed format with differing 
quality levels, which could be useful if you 
want to show a big video file at an astronomy 
club night but want it to run at a reasonable 
speed, or want to post your video online. 
When a video is selected on the front 
page, clicking Test Options will apply all 
your settings and show you the result of 
this processing on the first frame. You can 
save a grab of this frame by hitting the 
Save Image button and saving as a JPEG, 
BMP, PNG or TIFF. You can use the 
Input Frame Range feature on the 
Input Options tab to pick any frame in 
the sequence as the starting frame, and 
also to limit the range of a video if you 
want to chop off a bad start or bad end. 
We’ll revisit PIPP again in a future issue, 
when we'll deal with debayering, 
conversion to mono, dark frame 
subtraction, quality sorting, frame rate 
changing and animations. 
> Download PIPP for free from 
https://sites.google.com/site/astropipp 


Martin Lewis is a planetary imager 
and telescope builder 


File Options Processing Help Test Options 
Source Files | Input Options | Processing Options | Quality Options | Animation Options || Output Options || Do Processing 
Output Format AVI Fle Options 
© AV’ © SER © BMP © Animated GIF bed (Die (RAW.Uncompressed) +} AVI Codec o 
TIFF © FITS © PNG (@bA only - Colour/Monachrome) 
Output Directory 
= 1 Generate Old Format AVI Fi B Maximum S 
Default (Source File Directory) el saieaiaiiinaaiegs 
: : Modfy AVI Frame Width To Safe Size (DIB Codec Only) 
se Defa Ries) |pSelect Deector, V7] Use Same Framerate As Input Video F Possible 
ingens age 60.00 Framerate To Use Otherwise 
7] Create Subdrectory 
Subdirectory Name WinJUPOS Compatible Filenames , 
pip_ U7) Append date and time Generate WinJUPOS Compatible Filenames © 
Frames Pe Ti To Use For Fi me 
Output Flename Prefix Output Filename Suffoc Qtr Ais Rontslineaeass) Tere To Use For Hename 
_pIpp 
Colour (RGB) Channel Spitting = 
Split RGB Channels (Colour Output Only) | 
Output Frame Dropping 
0 |) Frames To Drop After Each Frame Is Output om | 
4 In Output Options you can determine what format you want your data to be saved as 
Frame Number 50 100 150 


Join Mode selected 


list will be linked together to make one 
longer video. This is useful when you have 
several short videos of objects which have 
little rotation between videos — such as the 
Moon, or the planets Venus, Mercury and 
Uranus. Doing this allows you to improve 
image quality by having a larger pool to 
pick your best frames from. Alternatively, 
you can improve the signal-to-noise ratio 
of the final output by having the final 
image made up of more frames — double 
the number of input frames and the best 
15 per cent will become 1,200 frames 
rather than 600, for example. 


Outputs and options 

PIPP can handle a range of input video file 
formats as well as sets of separate frames, 
outputting videos, GIF animations, or sets 
of individual frames and converting 
between these. Settings and options are 
given in the Output Options tab. You can 
use PIPP to create a video or GIF from a 


all the videos in the file 
1 of 4393 


Frame Size 
500 x 500 


Max Pixel Value 
72% 83% 80% 
LR eG i 8 | 


Zoom 


(om) 


Control 


Update Image 
Save Image 


g 


200 250 300 350 450 


4 You can preview your edits with ‘Test Options’ - this will process the first frame of your video 
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Own a piece of Space history... 


SP(A11)04H 


. ARMSTRONG, ALDRIN & COLLINS TRIPLE SIGNED £5500 


This magnificent cover.needs no explanation! Apollo 11 1 969 Neil Armstrong, Buzz Aldrin and Michael 


Collins. There is just one available and you can split the cost, interest free for up to 12 months. 
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EMAIL BETTY @BUCKINGHAMCOVERS.COM 
OR VISIT 


www.buckinghamcovers.com/space 


BY POST: FREEPOST RRGJ-THAJ-YZAG, Buckingham Covers, Folkestone, Kent CT19 4BF 


eu, 2. Buckingham Covers are wor! limited edition stamp Collectables, holding 
a fantastic array of collectable Elare| autographs across a broad penge of * 
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BCCI 1283 GENE ¢ 
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surface of the Moon. This incredible item includes an inserted 
anniversary medal and a Jodrell Bank postmark (ink stamp). 


sPtsryoo! 
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Each cover comes with a folder of information regarding the 
flight. A steal at just £60. 
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Our equipment specialist cures your 
optical ailments and technical maladies 


I use a Baader Q Turret with my 
Explore Scientific ED80 CF telescope. 
However, there doesn’t seem to be 
enough inward focus for my 1.25-inch 
eyepieces. Any suggestions? 


DAVE JONES 


Using the Baader Q Turret is an excellent 
way of quickly swapping between up to 
four different 1.25-inch eyepieces during 
an observing session. You simply 
mount each eyepiece in the turret and 
then revolve it to align your chosen 
eyepiece with the telescope. However, 
it does come at the cost of 

backfocus (another 
name for inward 
focus), as each 
eyepiece must be 
mounted in a 
1.25-inch 
eyepiece holder 
held above the 


Tess der Classic Pléss 


port ona reflector or the star diagonal 
port on a refractor. The only solution 
to the insufficient inwards focus travel 
caused by the insertion of the Q Turret 
is to find a way of reducing the extra 
spacing that has been introduced. 
Your Explore Scientific ED80 CF 
telescope is supplied with a 2-inch 
eyepiece holder so it is most likely that 
you are using a 2-inch star diagonal 
and a 2-inch to 1.25-inch reducer to 
mount the Q Turret to the star 
diagonal’s eyepiece holder. You will 
still require a reducer somewhere in 
the light path, but you could use a 
Starlight Instruments low profile 2-inch 
to 1.25-inch eyepiece adaptor to 
reduce the space the adaptor 
takes up to zero as 
it is a flush fit, 
thus saving 
around 9mm. 
If this is 
not enough 
to achieve 
focus, the next 
stage is to replace 
the 2-inch star 
diagonal with a 
1.25-inch version as 
this will consume less 
of the light path. 


< The Baader Q turret 
lets you swap eyepieces 

quickly, though at the cost 
of reduced backfocus 
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My Losmandy Gemini motor has started 
giving the error ‘Motor Stalled; RA Lags’. 
What is wrong and can I fix it? 

ALEX GIBSON 


The Losmandy Gemini is a servo motor based Go-To 
system installed on a range of Losmandy mounts. 
The error message ‘Motor Stalled; RA Lags’ indicates 
that the RA motor is drawing more current than it 
should in an attempt to overcome a drive issue; 
failure to act promptly could result in the motor 
burning out. Common reasons for this are low 
supply voltage, incorrect balance or worm mesh 
binding in the RA axis. 

Power supply problems typically appear when 
slewing rather than when tracking and can be 
resolved by using a tested power supply with the 
correct rating for your mount (normally this is 
regulated 15V DC with a capacity of 4.3 amps). 
Balance issues are simply resolved by re-balancing 
the RA axis after slackening the RA clutch and 
adjusting the counterbalance weights, while 
worm mesh binding can be alleviated by adjusting 
the worm mesh in accordance with the 
manufacturer’s instructions. 


A There could be a number of issues 
behind a malfunctioning motor 


STEVE’S TOP TIP 


Should I use my glasses when observing? 


There is no doubt that wearing glasses at the 
eyepiece can be uncomfortable, especially ey 
eyepieces have a short eye relief. However, if you 
only suffer from long or short sightedness then 
there is no need to wear glasses at all while 
observing as the telescope’s focuser will have all 
the adjustment that you will need. if you suffer 
from astigmatism then lower magnification views 
will be better when wearing your glasses. However, 
the smaller the exit pupil of your telescope/ 
eyepiece combination (eyepiece focal length 
divided by telescope focal ratio), the less your 
astigmatism will affect your observations. 


Steve Richards is a keen astro imager 
and an astronomy equipment expert 


Email your queries to scopedoctor@skyatnightmagazine.com 
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National Geographic 90mm 
automatic telescope 


A great beginner Go-To scope for anyone who wants to start stargazing 


WORDS: PAUL MONEY 


VITAL STATS 


e Price £357 

e Optics Maksutov- 
Cassegrain 

e Aperture 90mm 
(3.5 inches) 

e Focal length 
1,250mm (f/13.8) 

e Mount Computerised 
single-arm altaz 

e Tripod Adjustable 
with accessories 
holder/spreader 

e Handset Computerised 
with 272,000-object 
database and 
integrated red- 
light torch 

e Power Six AA 
batteries, 12V DC 
power tank or mains 
adapter (not supplied) 

e Extras 25mm and 
12mm eyepieces 
(1.25-inch fit), red-dot 
finder, bubble level/ 
compass, power lead 
(to connect optional 
battery), software, 
instruction manual 

e Weight 8.2kg fully 
assembled 

e Supplier Telescope 
House 

e www.telescopehouse. 
com 


e Tel 01342 837098 


es, we are talking about the 
same National Geographic 
that publishes science, 
nature and culture magazines. 


This instrument is one of a series of 
telescopes it has developed in conjunction 
with German manufacturer Bresser; a 
90mm (3.5-inch) ‘automatic’ Maksutov- 
Cassegrain, which in this case means a 
computerised Go-To telescope. 

This is a f/13.8 system with a focal length of 
1,250mm. The tube has the constellation of Ursa 
Major emblazoned on it along with the National 
Geographic logo. It is attached to a single-arm mount 
atop a basic tripod and has a large computerised 
hand controller. Also included are 25mm and 12mm 
eyepieces (1.25-inch fit), a red-dot finder, instruction 
manual, a Moon filter, a bubble level and compass, 
and a CD containing planetarium program 
Stellarium. Power comes from by six AA batteries 
(not supplied); the battery compartment is set into 
the mount near the locking lever for azimuth motion. 

For experienced users the telescope could be 
considered relatively basic, but to someone just 
starting out on the adventure of discovering the 
night sky then this is a good starter system that 
provides Go-To functionality. By following some 
basic steps in the instruction manual, anyone 
without much prior knowledge of astronomy can 
soon be up and running, touring the night sky 
and exploring the Solar System. 


EPITOME OF CONVENIENCE 


Any telescope will only get used if it is 
convenient and easy to set up, and this 
instrument meets both requirements 
easily. The scope, mount and tripod 
weigh in at a relatively lightweight 
8.2kg fully assembled with accessories, 
and if you want to ditch the tripod and 
use the scope and mount on a table 
top the weight drops to 6kg. 

The mount has several conveniences, 
such as the carry handle at the top of the 
arm allowing you to pick it up easily to 
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See an interactive 360° model of this scope at 
www.skyatnightmagazine.com/natgeo90 


SKY SAYS... 
This telescope 
would have 
delighted us 
as a present if 
it had been 
around when 
we started out 


transport. There is also the slot in the 
mount in which to keep the hand 
controller, so you don’t have hold it all the 
time. We also liked the two slots either 
side of the hand controller slot, which 
can take two 1.25-inch eyepieces, and 
indeed we found we kept the two 
supplied eyepieces in those slots during 
the review with dust caps on them for 
protection. Simple yet effective design 
choices such as these add to the value 
and usefulness of any telescope. 


The mount and telescope can be 
used either on a table or attached 
to the basic tripod, and although 
we did find the latter to be a little 
more flexible than we would have 
liked it does an adequate job. 
Despite the flexibility, we found 
using the tripod to be the better 
option as it can be adjusted to suit 
your height, a critical consideration 
if it is going to be used by both adults and children. 

Assembly was straightforward — you do not 
need any tools, which makes this scope ideal 
as a quick ‘set up and go’ system. All you need 
to do is add the finder and an eyepiece, along 
with connecting the hand controller, and you 
are almost ready to start; all that’s left is the 
alignment routine. 


Finding your starter stars 

When you power up the handset you have to set the 
time, date and your location; with the latter you can 
either choose the nearest city in the database or enter 
your own coordinates. Level the mount, ensure the tube 
is horizontal and check that the setup is pointing 
north. Once the handset has finished initialising 
you can choose an alignment routine (one, two or 
three stars). The good news here is that you don’t 
have to know the stars: the telescope will slew itself 
and place the first star somewhere close in the field 
of view of the finder, then you can fine align to > 
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HAND CONTROLLER 4 


The hand controller has a database 
of 272,000 objects, including those 
in Messier, NGC and Caldwell 
catalogues, planets, named stars, 
double stars, variable stars and more. 
It has an eight-line red light LCD display 
with a multitude of options, along with 
an integrated red light torch at the top. 


= 
3 Hb 


SiterE12r 23: 
a) 


Y 


TRIPOD 


The tripod is a little 
flexible — on touching 
the system, it takes 
a few moments for 
any vibrations to die 
down but otherwise 
it does its job. It 
can be adjusted 

for height and 
features a useful 
spreader tray for 
eyepieces and 
other accessories. 


SINGLE-ARM 
ALTAZ MOUNT 


The mount is sturdy and easily 
attaches to the tripod via two 
bolts. There are ports for the 
hand controller, power from 
an external tank and an 
aux port. The mount can 
also be powered by six 
AA batteries and there is 
a useful carry handle. 


NAL 
Tyee 


A good selection of accessories helps 
to make this a complete system. They 
include 25mm and 12mm eyepieces, 

a Moon filter, a Bresser planisphere, a 
bubble level and compass for levelling 
and lining up the system, a CD with the 
Stellarium planetarium software and a 
multi-language instruction manual. 
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FIRST LIGHT 


4 The Moon’s southern hemisphere stacked from 400 
frames captured with a ZWO ASI224C CMOS camera 


> bring the star into the eyepiece. After a successful 
alignment, you are ready for the sky. 

We took a tour of our favourite Messier and 
NGC objects with the 25mm eyepiece, which gave 
a magnification of 50x with this scope (the 12mm 
eyepiece provides 100x magnification). We felt the 
12mm was close to the limit of usefulness for this 
type of telescope with a long focal length. The focal 
ratio of f/13.8 is good for bright subjects, but faint 
deep-sky objects could be difficult, especially if you 
also have to deal with light pollution. 

Bright globulars such as M13 in Hercules and M5 
in Serpens were very pleasing with the 25mm eyepiece, 
as was the galaxy pair of M81 and M82 in Ursa Major, 
which just fit in the field of view. With the 12mm 
eyepiece the double star Albireo in Cygnus was gorgeous, 
showing a great contrast between the sky blue and 
yellow-orange stars. Jupiter showed its two main 
bands, a small but discernible Great Red spot and 
the four Galilean moons, whilst our own Moon 
sported a wealth of craters and details. 

We did try some astrophotography with the system 
but as it has an altaz rather than equatorial mount 
it is not ideal for long-exposure deep-sky imaging. 
However, we did find our webcam could easily 
record videos of the Moon and Jupiter. 


VERDICT 


BUILD & DESIGN 

EASE OF USE 

FEATURES 

GOTO/TRACKING ACCURACY 
OPTICS 


OVERALL tot KK 


The 90mm (3.5-inch) Maksutov-Cassegrain optics have a focal length 
of 1,250mm, giving a focal ratio of f/13.8. It gave good views of the 
stars out to 85-90 per cent of the field of view with the supplied 25mm 
eyepiece, with only minor distortion towards the edge. 
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4 Jupiter and lo, imaged under poor conditions with the 
same camera and a 2x Barlow, stacked from 300 frames 


This is an enjoyable beginner Go-To system, 
one that would have delighted us as a present 
if it had been around when we started out. This 
scope will let you see plenty before you need to 
upgrade to something larger. @ 
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Vixen Polarie 


Star Tracker mount 


A tiny equatorial tracking platform 


that can carry long lenses and scopes 
WORDS: STEVE RICHARDS 


VITAL STATS 


e Price £1,039 (mount 
and upgrade kit) 
e Payload capacity 


he Polarie Star Tracker looks 
nothing like a conventional 
equatorial mount. Visually, 
it has more in common with 


a compact camera. Yet this appearance 
is deceptive — what you are looking at 


See an interactive 360° model of this mount at 
www.skyatnightmagazine.com/polarieupg 


with upgrade kit 


SKY SAYS... 
It's suitable for 
beginners, where 
its simple operation 
is a plus, and for 
more advanced 


In common with other ultra- 
portable mounts of this type, the 
Polarie only moves in right ascension 
(RA); there is no declination (dec.) 
axis as such. You aim your camera 
lens or telescope manually by 
adjusting an optional ball and 
socket head and, once the object is 


6.5kg with upgrade 
kit, 2.5kg without 

e Latitude adjustment 
Fine adjustable wedge 

e Tracking rates 
Sidereal, solar, lunar 
and half sidereal 
(northern and southern 
hemispheres) 

e Power requirements 
Two AA batteries, USB 
port, 4.4-5.5V DC 

e Extras Polarscope PF-L, 
wedge, dovetail mounting 
block, dovetail bar, 
counterweight 

e Weight Polarie mount 
0.75kg, upgrade kit 
2.61kg 

e Supplier Opticron 

e www.vixenoptics.co.uk 

e Tel 01582 726522 


A VERY WORTHY UPGRADE 


The upgrade kit for the Polarie Star 
Tracker increases the payload capacity 
from 2.5kg to 6.5kg, making it suitable 
for longer focal length lenses and small 
telescopes. The upgrade kit includes a 
dovetail mounting block, sliding dovetail 
bar, counterweight bar, 0.95kg 
counterweight, adjustable equatorial 
wedge and an updated polarscope. 
The heavy-duty dovetail mounting 
block fits onto the driven mounting 
capstan in place of the original flat 
platform. The polarscope can be left in 
place as the block has a sight hole 
through which you can view the sky and 
the sliding dovetail bar has a long slot 
down its centre for the same reason. 
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is a diminutive but substantially 
constructed equatorial tracking platform. 
Ultra-portable imaging mounts are very 
popular at the moment, and the 
understated design of this one oozes quality. This 
latest version has some useful upgrades that build 
on the success of its predecessor. 

A comprehensive set of printed manuals is 
included in the package and a small compass for 
locating the north or south pole is conveniently 
stowed in the polarscope cover plate on the rear 
of the mount. Power is supplied by either two 
internal AA batteries (giving about two hours of 
tracking) or externally through a mini-B USB 
cable (not supplied). Straight out of the box, the 
payload capacity is a modest 2.5kg, which is more 
than adequate for a DSLR camera and a standard 
lens. However, the new upgrade kit increases 
this to a generous 6.5kg. 


imagers looking 
for a portable 
imaging solution 


acquired, you start the Polarie and 
RA tracking commences at the 
selected rate. The ball and socket 
head fits onto the drive capstan via a 

removable platform with a retracting tripod bush 
bolt or — if the upgrade kit is being used — onto the 
end of a sliding dovetail bar. We found that a great 
way of aiming our camera lens accurately was to use 
a small red-dot finder of our own, mounted on top 
of our DSLR camera’s hot shoe bracket. 


Speeds and modes 

There are four tracking speeds — lunar, solar, 
sidereal and half sidereal, the latter allowing a 
reasonable balance between a small amount of star 
trailing against a less blurred foreground when 
capturing starscapes. The various tracking speeds, 
the off position and the ‘illumination’ mode are> 


a 


Balance 
is achieved 
by releasing 
a clutch 
and offsetting 
the sliding 
dovetail bar 
and counterweight 
to suit, although we found 
the mounting block was a 
little stiff even with the clutch 
disengaged. Instead of relying 
on the adjustable head of a 
tripod to set the correct elevation 
and azimuth of the mount, = 
the adjustable wedge makes 
this a simple task. e 
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MULTI-FUNCTION SWITCH 


Neatly positioned on the top of the Polarie is a 

small rotating knob that turns the unit on and 

allows you to select a tracking rate or the 

illumination mode. There are four tracking RA AXIS PLATFORM 
rates: sidereal, half sidereal, solar and lunar. 
The illumination mode adds a glow to the 
dial and the altitude scale. 


There is an elegantly machined mounting 
capstan comprising a motor driven base 
and a flat platform with an embedded 
1/4"-20 bolt for the camera on the 
skyward-facing front. A lightweight 
camera and lens on a ball and socket 
head can be installed directly or the 
platform can be replaced with the 
counterbalanced arm. 


SIGHTING HOLE 
A small sighting hole is incorporated LATITUDE SCALE 


in the body of the Polarie to allow for 


a quick polar alignment suitable for A small latitude scale, graduated from 0° to 
short exposures with wide-field camera 70°, is built into the left side of the Polarie. It 
lenses. This is very easy to use after can be illuminated in red using the rotating 
achieving an approximate latitude switch. Although the scale is rather coarse (the 


adjustment using the latitude scale. The graduations are in 5° increments) it is more 
sighting hole delivers approximately than adequate for preparing for polar alignment 
an 8.9° field of view. through the sight hole or polarscope. 
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NGC 7000 showing no star trailing 
in a five-minute exposure captured 


with a one-shot colour CCD camera 


POLARS ' 7000, the North America Nebula. We were very 


To increase the polar alignment accuracy for longer impressed with the tracking, which showed no , 
exposures and for use with longer focal length lenses, visible signs of star trailing. Now add these 
you'll need to install the illuminated polarscope The Polarie is suitable for both beginners to 

through the drive capstan. The polarscope can be astrophotography, where its simple operation is a ce 

used in conjunction with a smartphone app to real plus point, and for more advanced imagers juick-release 


achieve polar alignment. looking for a portable imaging solution. © clamr 


> selected using the rotary switch on the top of VERDICT = =—— asd a it “i e 2 . 
the mount. In illumination mode, the built-in VERDICT treater 30k 


latitude scale glows red and the rotary switch glows | ASSEMBLY 29.9. 


either red for northern hemisphere or green for BUILD AND DESIGN e 
southern hemisphere. A miniature switch hidden EASE OF USE ’ i 
behind the battery box cover is used to select FEATURES spc 


hemisphere drive direction. TRACKING ACCURACY 
We mounted the Polarie, via the supplied 
adjustable wedge, onto our own Manfrotto #132 
tripod using a standard 3/8-inch tripod bush; a 
1/4-inch bush and a removal tool are also included 
in the kit. Fast and simple polar alignment is carried 
out using a sighting hole through the body of the 
mount, but much more accurate alignment can be 


Pi Virginis (left of centre) showing no 
star trailing in a five-minute exposure 
captured with .a Canon EOS 450D DSLR 


achieved by using the supplied polarscope. Using 
the standard RA axis platform, the polarscope must 
be removed before the camera is attached, but the 
upgrade kit allows the polarscope to remain in place 
throughout an imaging session so you can easily 
check that alignment is being maintained. 

The key to accurate tracking with an unguided 
RA only mount is to ensure a good polar alignment 
is achieved. To that end, we found the included 
polarscope gave us a more than adequate alignment. 
There is also an excellent free smartphone app 
(Vixen PF-L Assist, available for iOS and Android) 
to make polar alignment really simple. 

We tested the mount using a DSLR and CCD 
camera, 200mm telephoto lens and the upgrade kit, 
capturing five-minute exposures of a region of the 
sky just above the celestial equator centred first on 
the mag. +4.7 binary star Pi Virginis and then NGC 
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As the nation marks its 150th anniversary, 
we explore its turbulent history 
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World Historie 


Expert voices and fresh 
takes on our global past 
- and how it shapes our 
lives in the 21st century 


IBIBIC 
COULD HISTORY RESTORE OUR GLOBAL OPTIMISM? 


World Histories 


VES ON OUR GLOBAL PAST 


Has terrorism ever 


achieved its ai 


From the IR 


FRESH PER SPECT] 


The real Amazo} 
How the legendary 

Warrior women inspired 
fighters and feminists 


“The fittest of the fit we 
Quickly. You coutd just te 
The ordeals ofa Burma railway 
From WW2to Kore 
the wars that made modern | 
th 


The new French revolution 


Why Macron’s election is a break from the past 


issuE5 ONLY £6.99 prus par 


ubs riptions.com/worldhistories5 


or call us on 03330 162 138° and quote WORLHA175 


* Prices including postage are: £8.49 for all UK residents, £9.49 for EUR and £9.99 for Rest of World.All orders subject to availability. 
Please allow up to 21 days for delivery. + Calls from landlines will cost up to 9p per minute. Call charges from mobile phones will cost 
between 3p and 55p per minute but are included in free call packages. Lines are open 8am - 6pm weekdays and 9am - 1pm Saturday for orders only 
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Altair Astro Hypercam 
IMX183 USB 3.0 camera 


A colour camera useful for both Solar System and deep-sky targets 
WORDS: TIM JARDINE 


VITAL STATS 


e Price £550 

e Sensor Sony 
Exmoor R IMX183 

e Pixels 2.4x2.4pm 
square 

e Bit depth 8-bit 
and 12-bit modes 

e Max resolution 
5440x3648 pixels 

e Extras 1.8m high- 
speed USB 3.0 cable, 
1.5m ST-4 guide 
cable, 2-inch OD 
Nosepiece with 
standard 2-inch 


See an interactive 360° model of this camera at - 
www.skyatnightmagazine.com/hyperimx183 @\ y 4 
(f 


SKY SAYS... 
This camera 

will excel in the 
increasingly 
popular realm 
of ‘electronically 
assisted! 
astronomy 


regular request from 

astronomers is for a single 

camera that will allow 

them to photograph both 
Solar System and deep-sky objects, and 
the 20-megapixel IMX183 USB 3.0 
colour camera from Altair Astro is a 
great stride in that direction. 

The camera weighs in at just a third 
of a kilogram, requires no separate power 
supply and offers appealing features for travelling 
astronomers. Downloading and installing a 
driver package is the only setting up required before 
you plug the USB 3.0 cable in. Our observatory uses 
USB 2.0 hubs and the IMX183 automatically 
recognised this and adapted accordingly, although 
at the cost of slower data transfer due to the USB 


series of individual pictures in the 
FITS format. In 12-bit mode, the 
highest resolution (5,440x3,648) will 
quickly create large and unwieldy 
video files, but restricting the region of 
interest (ROI) in the picture helps to 
avoid this. Although USB 2.0 mode 
was more convenient for our purposes, 
the sacrifice in frame rate would be 
unacceptable if the camera was 
primarily to be used for planetary, lunar, or solar 
imaging. Switching to USB 3.0 mode, we were able 
to achieve frame rates of 60 frames per second (fps) 
at the lowest resolution with ROI (930x688) in 8-bit 
mode. Stepping up the resolution to maximum 
with the same ROI reduced the frame rate to 
17.5fps on a reasonably capable laptop. 


M48x0.75mm 
filter thread 2.0. For this review we chose a capable 6-inch (f/7) . 
e Weight 0.3Kg triplet refractor as a match for the camera. Pixel power 


We downloaded the free AltairCapture control 
software to test the Hypercam IMX183. In simple 
terms, the camera offers three resolutions, with a 
bit depth of eight or 12 bits. Depending on the 
choice of target, select either the video mode to 
record a video file or ‘trigger’ mode to capture a 


For deep-sky imaging we set the resolution and 
bit depth to maximum, turned down the gain 
setting to around five, and took a series of longer 
exposures of a variety of objects on the Messier 
list. Although the pixels are a tiny 2.4x2.4p.m, 
they are surprisingly sensitive, and the resulting > 


e Supplier Altair Astro 
e www.altairastro.com 


e Tel 01263 731505 


A PRE-EMINENT SENSOR 


The heart and soul of this 


filters with no vignetting. 
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camera is its CMOS sensor, 
the impressive Sony Exmoor R 
IMX183. In-built technology 
allows for images with less 
unwanted noise and improved 
sensitivity. Despite the massive 
20-million pixel array, the 
diagonal size of the sensor is 
just 15.86mm across, making 
it easier to avoid problems 
with distortions from coma 

at the edges of the image 

and possibly removing the 
requirement for a field flattener 
with some telescopes. If 
required, the sensor could 
easily be covered by 1.25-inch 


With a possible exposure 
range of 0.26 milliseconds 

to over 16 minutes, and 
adjustable gain, the camera 
is flexible enough to cater for 
almost every conceivable 
object that a telescope can 
resolve. The gain setting, 
similar to ISO in some ways, 
offers increased sensitivity at 
the expense of more noise, 
and we were quickly able to 
determine optimal settings 
for various targets. The front 
filter of the camera is also 
removable to allow the sensor 
to be cleaned if necessary. 
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Temperatures inside a 
camera can make a big 
difference to the final 
picture quality. A quiet 
fan attached to a large 
heatsink, in turn attached 
to the CMOS sensor itself, 
helps the IMX183 to avoid 
a build up of unwanted 
heat and to maintain 

a more stable imaging 
environment. 


With such impressive sensitivity 
on offer, the Hypercam IMX183 
can double up as a guide camera 
should the need arise, and has 
an output port on the rear of 

the casing for an ST-4 cable 
(included), allowing the camera 
to communicate directly with a 
range of telescope mounts. 


By blocking unwanted infrared and 
ultraviolet rays from reaching the camera 
sensor, the optical window helps to ensure 
a sharper image is produced. In front of 
this window is a standard T-thread (M42) 
attachment ring, for the 2-inch nosepiece 
supplied, with threaded dustcap to protect 
the optical surface. 


Available for free download, this accomplished 
software allows full control of the camera within an 
easy to grasp framework. Intuitive on-screen sliders 
simplify video capture, image sequences, and 
image previews. We particularly liked the ease of 
finding perfect focus using a Bahtinov mask and 
zoomed in live view mode. 
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FIRST LIGHT 


> images showed 
excellent star colours. 
It was especially 
pleasant to clearly see 
the distinction between 
the hot blue and the 
smouldering red stars 
within globular M13 
in Hercules. Bright 
planetary nebulae such 
as M57 and M27 also 
showed good, natural 
looking colour, nicely 
defining the glowing 
hydrogen and oxygen 
regions within them. 
Despite the warm evening air, 
exposures of up to five minutes 
displayed only minor amp glow, 
which is a brightening of the edges of the image. 
This was easily negated by capturing dark frames. 

One area this camera will excel at is the 
increasingly popular realm of ‘electronically 
assisted’ astronomy. At public events where helping 
several people to view deep-sky targets is 
challenging, or for those who struggle to observe 
via a traditional eyepiece, the camera can display 
either live images of bright targets (the Moon, 
Jupiter, Saturn and so on) or nearly live short 
exposures of fainter objects (such as galaxies, bright 
nebulae and comets), on a computer screen. It’s easy 
to see and share, you can zoom in and there’s no 
need for your viewers to wait for their eyes’ dark 
adaptation to settle in. The rich, natural colours 
displayed by the stars enhanced the experience, 
which even seasoned astronomers will appreciate as 
offering an alternative and, dare we say, improved 
view to that which is available from eyepieces. 
Jupiter too was rich in colour with a live view, 
several tones of browns visible in the bands and the 
distinct rusty orange of the great red spot clearly 
visible as it rotated into view. 

Within the price range of a reasonable DSLR, 
with no need of modification for astronomy, the 
IMX183 offers a single camera solution to those 
who primarily wish to take deep-sky photographs, 
and also use the same camera and software for 
Solar System targets from time to time. @ 


VERDICT 


BUILD & DESIGN 
CONNECTIVITY 
EASE OF USE 
FEATURES 
IMAGING QUALITY 


OVERALL KKK 
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A 1.8m high-speed cable handles the job of transferring each 
20-megapixel frame from the camera to the controlling computer 
as quickly and cleanly as possible. The dedicated USB 3.0 

port on the rear of the camera plugs into a standard USB port, 
allowing compatibility with USB 2.0 equipment and hubs. 


4 Globular cluster M13 stacked from 4 The Dumbbell Nebula, M27, stacked 
11 six-minute exposures with darks from 10 five-minute exposures with 
and bias frames applied darks and bias frames applied 


4 A two-pane lunar mosaic comprised of 1/228th-second individual exposures 


Increase the efficiency of your 
reflector by up to 29% 


Our HI-LUX coating can be applied to almost any 
reflector, in virtually any condition or no matter how \ 


old. Improves the reflective efficiency of your mirrors. 


Find out more on — 
our website: Optics > 
Mirror Recoating 

or call / email 


ORION optics uk 
tech enquiries: john@orionoptics.co.uk 


Telephone 01782 614200 
Wwww.orionoptics.co.uk 


NEW DISCOVERY-BLACK LIGHT 


A Get in touch and | will send you a prism, free of 
charge, so you can see the two prisms of coloured 
light around your body and your neighbour's body. 

& How to bounce your own shadow on to your chest. 
Why is there no black or white in the rainbows? 

é Read how we are all connected to the sun. 


Contact details: 
Email: jv.moloney@btinternet.com or 
write to JV Moloney, 8 Mayflower 
Way, Farnham Common, Bucks, 
SL2 3TX 


Discover the Night Sky in Galloway 


Located near the UK’s first Dark Sky Park, we can give you a personalised guided 
tour of the wonders of our beautiful night sky. With our large 16" Newtonian 
telescope the views of the planets, star clusters and galaxies are truly spectacular. 


To learn more about the night sky or for help using a telescope our astronomy 
courses are for you. 


As a Skywatcher and Celestron dealer we offer free help and advice on buying a 
telescope. 


At the centre we also provide B&B style accommodation and evening meals. 
Our Stargazer Gift Voucher is a great gift at any time. 


Prices from only £26 pppn. Children and pets welcome. 
To book contact Mike Alexander: Craiglemine Cottage, Glasserton, Wigtownshire, 
Scotland DG8 8NE ¢ 4 01988 500594 ¢ enquiries@gallowayastro.com 


www.gallowayastro.com 
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Sizes to 5XL. Free UK post on orders £50+ 


A custom adapter 


is just a Few clicks away at 


PreciseParts.com 


Check out our innovative Build-an-Adapter app on 
PreciseParts.com and design your one-of-a-kind, 
custom adapter in seconds. Build-An-Adapter was 
twice voted Hot New Product of the Year by Sky & 
Telescope Magazine in the US 


PRECISEPARTS Try it Today! 


CUSTOM PARTS FOR ASTRONOMY 


Holiday under some of the darkest skie 
Astronomy as it should be! ge 

Observe the night sky at its best & 

with our observatory based 50cm |: 

Dobsonian, or image with a dome 

based, equatorial mounted, 18cm § 

Maksutov-Newtonian. 4 

Enjoy comfortable, self catering 

family accommodation. Located 

close to the North Devon coast, : 

this is a wonderful all year round & 

holiday destination. Dark skies, 

clear southern views and great 

countryside. All levels of interest 

are welcome. Visit our website for Wan > 
details or phone 01409 241719 [iaeaEEEERaNE reso gen 


uk 


See our website 
for full details 


Teles ervice 
any make! any age! 


7am 
Over time, your telescope will benefit from a All 
General Service. We offer you the opportunity 


mechanics 
to help you look after your telescope, regardless 
of it’s make or age and keep it in tip-top and 
condition. There are many telescopes on the optics 
market but all will perform checked | cin 
tech enquiries: john@orionoptics.co.uk 1 
Telephone 01782 614200 
wwy.orionoptics.co-.uk 


much better with regular 
service and 
FIND THE TELESCOPE SERVICE LINK ON ALL PAGES 


maintenance. 


ORION optics UK 
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Books 


New astronomy and space titles reviewed 


Making Contact: 


Jill Tarter and 
the Search for 
Extraterrestrial 
Intelligence 


Sarah Scoles 
Pegasus Books 
£21.99 @ HB 


SETI, the astronomical project ambitiously 
attempting to ‘Search for Extra Terrestrial 
Intelligence’, has long been with us, 
offering a hope-filled view of humanity as 
innately curious and with the courage to 
invest in ideas that go beyond the tangible, 
utilitarian or military. As Sarah Scoles’ 
book shows, however, the story of SETI is 
one of frequent underfunding, lack of faith 
and doubt, saved only by the battling of 
her hero, Jill Tarter. 

The book tells the story of 
Tarter as she trained as an 
engineer and then an 
astronomer; as she 
became involved in 
the SETI project and 
worked her way up to 
director; and how she 
defended the project 
time and time again 
against funding cuts, 
seeking out new funding 
whenever the need arose. 

The book ends with more 
science than it begins. Having 
told of the project’s financial 
and political rise and fall, it then looks at 
how the field has developed and gained 
credibility in recent years, with the discoveries 
of other planetary systems and extreme- 
environment life forms here on Earth. 

The book is written with tremendous 
energy; Scoles clearly admires Tarter 
enormously. The film Contact, in which 
Jodie Foster’s character is based on Jill 
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Jill Tarter was director 
of the SETI Institute 
until 2012 


JE ESAR GER 

AND THE SEARCH 

FOR EXTRATERRESTRIAL 
INTELLIGENCE 


Tarter, is mentioned throughout. This 
seems to have been the inspiration for 
Making Contact, although for me the book’s 
real strength comes from its depiction of 
a strange, unreal world where 
astronomy, science fiction, psychology 
and politics all collide and have high 
powered meetings and conferences. 
Sadly, the book feels as if it was 

written in a hurry. The 
narrative jumps about 

in time, lacks historical 
\ analysis and gives 
too much detail 

of political 

meetings and 

specific 

fundraisers, 

and not enough 
of the science. Jill 
Tarter wrote papers 
we are told, but we never 
find out what they were 
about. Indeed we never 
get to know Jill Tarter 
beyond a superficial 
string of anecdotes typical of a quick 
interview. I liked much of this book, but 
felt it had the potential to have been 
even better. 


took 


DR EMILY WINTERBURN is the 
author of The Stargazer’s Guide: 
How To Read Our Night Sky 


RATINGS 

tk kk Outstanding 
tk KK Good 
tooo’ Average 
kk Poor 

* Avoid 


TWO MINUTES WITH 
Sarah Scoles 


How important is Jill 
Tarter to SETI? 
She's one of few 
astronomers who have 
dedicated themselves 
full-time to the search. 
She’s carried on since the 1970s with the 
idea that because humans can search for 
extraterrestrials, humans should search. 


How did you become aware of her work? 
During the summer of 2004 | did an 
internship at the Green Bank Telescope in 
West Virginia. | lived in an old house with 
a bunch of other interns and no internet. 
One night we decided to watch the 
movie Contact, which is about a fictional 
scientist who discovers a message from 
an extraterrestrial civilization. One of the 
other interns said, “Did you know that 
character is based on a real person?” 
Once | got back to the office | did some 
Googling about the non-fictional research 


she’d done. 


How do you rate our chances of finding 
signs of extraterrestrial life within our 
generation’s lifetime? 

I’m reluctant to put numbers to it, because 
it's no fun to be wrong in public. Within 
my generation’s lifetime (I’m 31), | think 
scientists are pretty likely to find some 
sign of some kind of life. Maybe that life 
is merely microbial, and we see the out- 
of-equilibrium gases those microbes are 
blowing into some other planet's 
atmosphere. But maybe we find, in addition, 
what Tarter has been looking for: a 
signature from some alien technology. 

| think that’s almost impossible to predict. 


SARAH SCOLES is a science writer and 
former public education person at the 
National Radio Astronomy Observatory 
in Green Bank, West Virginia. 


Destination 


Mars 

The Story of Our 
Quest to Conquer 
the Red Planet 


Andrew May 
Icon Books 


£7.99 @ PB 


JEK challenged his country 
to go to the Moon not 
because it was easy, but 
because it was hard -in 
which case he would 
have loved Mars. There’s 
a good reason why, ever 
since the 1960s, humans 
have always been about 20 years away from 
getting to the Red Planet. Destination Mars 
explains why, outlining the challenges from 
orbital inaccessibility and space radiation 
to its thin, troublesome atmosphere. 
Despite the title, this book is more about 
the journey than the destination: the planet 
itself is tackled in the first chapter, with 
not a single mention of the mystery 
methane plumes making it an attractive 


American Eclipse 


scientific target — potential evidence of 
surviving Martian life, or else volcanism. 

Could our ETA to Mars finally be speeding 
up? The author hopes so, pointing at the 
ongoing success of SpaceX in making 
rocketry cheaper — motivated by the desire 
of founder Elon Musk to get to Mars. In an 
attempt to be contempory May goes on to 
suggest Donald Trump might be just the 
kind of leader a Mars mission requires: 
“arguably what’s needed is a president who 
isn’t straitjacketed by political correctness”. 
It’s debatable that this is what’s stopping 
humankind going to Mars. 

Such an ends-justify-means approach to 
space exploration is jarring since May 
dismisses rocketeer Wernher von Braun 
— who adopted just a such philosophy to 
boost his own spaceflight plans — as a Nazi, 
rather than noting von Braun’s story as a 
cautionary example of science getting tangled 
up with politics. British readers might object 
to the repeated reference to the UK’s Beagle 2 
as a failed Mars lander: we know now that 
Beagle 2 made a successful soft landing 


and it was the phone home that failed. 
kak 


SEAN BLAIR writes for the European 
Space Agency website 


A Nation's Epic Race to Catch the Shadow of 
the Moon and Win the Glory of the World 


David Baron 
Liveright Publishing 
£21.99 @ HB 


~ te The total 
solar eclipse of 
1878 plunged America into 
darkness. But those three 
short minutes of totality 
captured the imagination 
of this young nation, 
furthering the pursuit of 
scientific endeavour that still defines the US. 
Author and eclipse fanatic David Baron 
gives a compelling account of this phenomenon 
through the stories of three individuals 
who raced to observe it. Comet-hunter 
James Craig Watson hoped to use the 
eclipse to prove the existence of a hitherto- 
undiscovered planet inside the orbit of 
Mercury; astronomer Maria Mitchell was 
fighting for equal recognition of female 
scientists; and inventor Thomas Edison 
needed desperately to prove the worth of his 
latest creation (the microtasimeter, designed 


Penesica™, 


to measure changes in the heat emitted from 
the Sun’s corona and from distant stars). 
The author gives a skillful account of the 
scientific aims of the various teams of 
eclipse-watchers, from the examination of 
the solar corona to the more precise 
calculation of the Moon’s orbit. He also 
gives a tantalising insight into the lives of 
the leading astronomers of the time and 
explores the wider context within which 
this story unfolds, from the country’s focus 
on the pursuit of fortune to the settlers’ 
tragic relationship with Native Americans. 
American Eclipse is an incredibly well 
written work of non-fiction. It is clearly the 
result of considerable research and careful 
thought. And it tells a great story. If you 
are heading across the pond to see this 
summer’s total solar eclipse, this book is 
essential reading. Make sure you have a 


copy in your hand luggage. 
»9.0.0.8.4 


SIMON PERKS is a science writer and 
amateur astronomer 
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In Search of 
Stardust 


Amazing Micrometeorites 
and Their Terrestrial 
Imposters 


John Larsen 
Voyageur Press 


£16.99 @ HB 
eceoes 
Seeese | leno 
- ae thousands of 
tonnes of 
6oeseoso cosmic dust 
ececeo are estimated 


to arrive at 
Earth each year. Those that reach the 
surface, termed micrometeorites, are 
a major source of information on the 
asteroids, comets or planets that they 
came from — if you can find them. 
Quickly lost amongst terrestrial dust, 
finding them in urban environments 
is generally viewed as more 
problematic than searching for the 
proverbial needle in a haystack. 

In Search of Stardust is a personal 
account of an extraordinary effort to 
show that micrometeorites can be 
collected and isolated for study from 
rooftops, parking lots and roads, 
providing you have the patience and, 
importantly, know what to look for. 
This book can’t help you with the 
former, but aims to provide readers 
with the means to do the latter. 

Focusing on cosmic spherules, the 
particles that have melted during 
atmospheric entry, this book is packed 
with beautiful images of them. 
Images of contaminating terrestrial 
particles with similar morphology are 
also helpfully provided for comparison. 
The text provides a background on 
micrometeorites, including 
descriptions of their properties and 
those of their terrestrial counterparts. 
Some sections would have benefited 
from more information, but this book 
is worth buying for the pictures 
alone: it is a fantastic aid to 
micrometeorite hunters! 


tok 
DR PENNY WOZNIAKIEWICZ is an 


expert in meteorites and a lecturer in 
space sciences at the University of Kent 
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Gear 


Elizabeth Pearson rounds up the latest astronomical accessories 


1 Altair Lightwave Premium 


2-inch SCT Diagonal 


Price £99.98 © Supplier Harrison Telescope 
01322 403407 * www.harrisontelescopes.co.uk 


Use this diagonal to change your eyepiece 
orientation fo a more convenient angle for 
observing. A compression ring lets you use 


1.25-inch eyepieces too. HitecAstro ; 
FocusMaster 


2 Astronaut Locket 


Price £19.50 © Supplier Eclectic Eccentricity 
www.eclecticeccentricity.bigcartel.com 


Decorated with the image of an astronaut 
floating above the Earth, this locket is perfect 
for any space cadet. It’s attached to a 


24-inch gold-plated chain. 


3 Starframe Flip 
Mirror Controller 


Price £259 © Supplier 365 Astronomy 
020 3384 5187 © www.365astronomy.com 


Control your flip mirror from your computer using 
this device, helping you obtain complete control 
over your setup. It’s USB powered and can be 
controlled locally if needed. 


AHiTec Astro Focusmaster 
Price £120 © Supplier Rother Valley Optics 
01909 774521 © www.rothervalleyoptics.co.uk 


This device allows you to connect your 
focuser’s stepper motor to your computer for 
automated control. It's compatible with most 
focus motors and connects via USB. 


5 Baader 32mm 

Winged Eyecups 
Price £9 © Supplier Green Witch 
01924 477719 © www.green-witch.com 


Stray light can ruin your view, but this winged 
eyecup will help keep it at bay. The wing can 
be folded away when not needed for easier 
use. Fits 1.25-inch barrels. 


6 Men's Beanie Hat 

Price £15 © Supplier Under Armour 

00800 827 66871 * www.underarmour.co.uk 
Keep the chill at bay during nights of observing 

with this tight-knit beanie. It has a mesh lining 

that draws sweat away to keep your head dry. 
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Call charges from mobile phones will cost between 3p and 55p per minute but are included in free call packages. Lines are open 8.00am -8.00pm weekdays and 9.00am - Ipm Saturday's. 
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WHAT | REALLY WANT TO KNOW IS... 
Are most habitable planets waterworlds? 


Fergus Simpson is trying to discover whether Earth's 
balance between land and sea is typical of rocky exoplanets 
INTERVIEWED BY PAUL SUTHERLAND 


ore than two-thirds of Earth is 
covered in water, making it 
unique among the planets in 
our Solar System. 
However, my studies lead me to 
believe that most habitable, rocky 
planets orbiting other stars have 
more than 90 per cent of their 
surfaces underwater. 
Well over 3,000 
so-called exoplanets 
have been detected 
in our Galaxy in 
recent years, either 
due to a wobble in 
starlight or a slight 
fade as the exoplanet 
transits the face of its star. 
Although we can not see most of 
these worlds directly, we can infer 
quite a lot about their physical 
properties. How much a star dims during 
a transit tells us how large the planet is that’s 
masking its light. And the frequency of the transits 


so the other option is that actually there is a huge 
variation in surface conditions, with some 
worlds being mostly desert and others 
completely flooded. 
We are not yet able to observe rocky 
exoplanets close up to provide the 
answer. But I have constructed a 
statistical model, based on 
Bayesian probability, to predict 
what the ratio of land to water 
is likely to be. It suggests that 
most habitable planets are 
dominated by oceans 
spanning over 90 per cent 
of their surface area. 

An analogy would be to 
imagine walking into a kitchen 

to find a spillage of flour on the 
worktop. One speck, chosen at random 
from those on the worktop, lies just 
1mm from the edge of the wide worktop. 
That gives us a clue: most of the spillage has 
probably fallen on the floor. If only the extremity 
of the spillage reached the worktop, this would explain 


tells us how far away it is from the star, and hence Earth may be ‘just right’ in why the residue is stacked up close to the edge. 
its likely temperature. We can also estimate how another regard — not just We are using a similar statistical trick here: the 
dense the planet is by combining estimates of its being the right distance Earth is itself very close to the edge of being a 


from the Sun for liquid 
water to exist, but also 
having the right amount 
of water for some land 


mass with those of its size. This allows astronomers 
to determine which planets are gas giants and 
which are more like Earth. 


waterworld, where it would be completely submerged 
under one ocean. That our one sample lies near a 
critical point provides us with evidence that most 


Astronomers are excited when they find rocky to remain above it other ‘specks’ are in fact beyond the critical point: 
exoplanets in the Goldilocks zones of stars, where they are waterworlds. Though we cannot yet see 
temperatures would allow water to exist in liquid them, my statistical model strongly indicates that 
state, making them potentially habitable. But can they form the bulk of water-bearing planets. Earth 
we assume that other rocky planets have the same is one of those few lucky specks left on the cosmic 
amount of water as Earth? worktop — it has the land that allowed us to thrive. 

I am confident that most habitable planets have 

Too much ofa good thing more than 90 per cent of their surface covered in 
Earth is just one example of a habitable planet, and water, and that Earth is quite dry compared to most 
we take it for granted that it has just enough water SEPULFERSUS similar exoplanets. What does this say for the 

: SIMPSON : det 
to fill up our oceans. And yet if there was three or Dr Fergus Simpson is prospects of life on other worlds? Primitive life does 
four times as much water on the Earth, then we would — g researcher at the not require land to survive. But it could have a bearing 
all be underwater. If Earth had much more, or much University of Barcelona's on the search for extraterrestrial intelligence, because 
less, surface water, then our planet would not be so Institute of Cosmos waterworlds could be less likely to host complex life. 
suitable an environment for complex life to form. Sciences, where he uses We cannot yet test my prediction, but in 


statistical analysis to 


You might think there is some mechanism that i 
predict the nature of 


ensures that planets like Earth regulate themselves exoplanets and their us to determine chemical signatures in the 
in some way to produce just the right balance of suitability for life. atmospheres of exoplanets, and a water-saturated 
water and land. That is quite a difficult thing to do, atmosphere should stand out. @ 


10-15 years advances in technology may allow 
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PRECISION MOTION CONTROLLER e 


The Explore Scientific EXOS2-GT with PMC-8 4. Xs 
Electronics is a big leap forward in goto mount 
design and functionality. Based on the Exos2 
Explore |, A German Equatorial mount architecture, Explore 
Scientific > ” Scientific have added new belt driven dual stepper 
Exos-2 PMC8 { motors, the unique military grade PMC-8 wireless 
Goto Mount | , goto hardware (featuring 2 channel 8-CPU micro- 
£839 \ / processor), all controlled with the Explore Scientific + 
| ExploreStars Open Goto App, which runs on 
Windows PC, tablets and Smartphones. This 
delivers a mount which is whisper quiet in 
operation, with high positional accuracy, low fractors Ne Wwtonians ‘Maksutovs “3 
periodic error, wireless control AND wireless ST4 / From d ‘From N rom 
protocol autoguiding functionality too - plus class £132 £221 £188 
leading electronic hardware. K \ 


Bresser Solarix Dual 
Solar & Astro Newtonian 
- just £75! 


on Owe 


Dobsonians are the 


pleased to offer the Bresset 
S| Camera Range. 


6.5 £492 best value visual telescopes ait 
[/6.5 £560 * available - visit our Showroom { = f 
(/6.5 £679 { , 7 toseea large range 7 
as “ we of these telescopes i 

\ a? Al rR Poe 
~ — _/ _New Bresser 10” . ) 
» é Dobsonian - £509 


Now £755! 
WiFi 


(A Camera —-- 
4 D 


Rerun 


~£189.99 


~ £189. 99 


Eyepiece Kit - £124 


Telescope House FA 
are TeleVue Star /) 
Dealers. We always 
have a full range 


of their Plossl, 
Panoptic, Delite 
t Delos & Ethos 
{ eyepieces on 
display & ready to 

Gi! test at our 
Starborough showroom 


TeleVue 


qn = £15.30! 


Z ; \ 21.5 
os 6 cS 
FOCAL exTENDER 
oh Excellent 


pressure-tuned Excellent 


portable Solar Scope Value 100% Safe 


Explore Scientific Barlow 8N:3x12800754 Solar Film. Ideal for DIY! 


Focal Extenders 
These high quality, 
apochromatic 4-element 
focal extenders give 
excellent results for both 
imaging and visual use. 
Available in 2” 2x, and 1.25” 
2x, 3x and 5x options 


£135 1.252 


CHART: PETE LAWRENCE, IMAGE: HARALD STRAUSS/CCDGUIDE.COM 


THE SOUTHERN HEMISPHERE 


IN AUGUST 


With Glenn Dawes 
WHEN 10 USE THIS CHART 
1 AUG AT 00:00 UT The chart accurately matches the sky on the dates and times 
15 AUG AT 23:00 UT sine The sky i; aii an as a lll it set 
31 AUG AT 22:00 UT ore ne ig, ocr might: Weve crawn tne chart for 


AUGUST HIGHLIGHTS 


A partial lunar eclipse is visible from 

Australasia. The umbral phase begins 
on the morning of the 8th at 03:22 EST (01:22 
WST). Mid eclipse is 59 minutes later. The 
shadow encroaches on the southern lunar 
regions, with max coverage extending across 
25 per cent of the Moon’s diameter. From the 
eastern states the umbral eclipse ends around 
the start of dawn (in Western Australia, 
03:19 WST). The penumbral eclipse begins 
90 minutes before the umbral incursion but 
its subtle shading can be difficult to see. 


THE PLANETS 


Mercury’s favourable evening return 

comes to an end as it quickly drops 
towards the Sun in the third week of August. 
Jupiter is the next planet to catch, as it sets 
around 22:00 EST mid month. You can bea 
little more relaxed with Saturn: the ringed 


DEEP-SKY OBJECTS 


Look 4.8° northeast of mag. +4.6 

13 Vulpeculae and you'll find open 
cluster NGC 6885 (RA 20h 12.0m, dec. 
+26° 28). Its centre is surprisingly 
devoid of stars, save for the brilliant 
(mag. +5.9) 20 Vulpeculae. There is a 
scattering of about a dozen 9th- 
magnitude stars to the south, 
while fainter members 
form an east-west 
stream just north of 
20 Vulpeculae. Look 
at the dramatic colour 
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VARIABLE STAR 


COMET TRACK 


STARS AND CONSTELLATIONS 
There are five naked eye stars in the 
evening sky with names that include 

‘Deneb’, meaning ‘tail’. In Cetus, the 

Whale, is mag. +2.0 Deneb Kaitos (Beta ((3) 

Ceti), the “Whale’s tail’. Mag. +2.9 Deneb 

Algedi (Delta (5) Capricorni), is the ‘tail of 

the goat’, though with Capricorn being a sea 

goat this more resembles the hind part of a 

fish. Mag. +3.0 Zeta and mag. +4.0 Epsilon 

Aquilae share the name Deneb al Okab, 

‘the Eagle’s Tail’. The most famous is, of 

course, mag. +1.3 Deneb (Alpha (a) Cygni). 


world is due north just after twilight ends 
and can be observed well past midnight. 
Turning to the morning, Venus continues 
to dominate the pre-dawn, but this month 
will be the last chance to observe it outside 
of morning twilight for the rest of 2017. 


contrast between blue 20 Vulpeculae 
and the distinctively yellow-orange, 
mag. +5.5 19 Vulpeculae, 0.3° north. 


Jump 2° southeast of 13 Vulpeculae 

to reach the Dumbbell Nebula, M27 

(RA 19h 59.6m, dec. +22° 43°; pictured). 

At mag. +7.1 it is one of the 

& brightest planetaries, an apple 

& shape with large bites on 
opposite sides. The north 
and south segments have 
a high surface brightness. 
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‘> —- Performance 
~|(6 1.49 Precision and Value 


Sky-Watcher is a First-Class telescope brand offering an incredible range of high-quality astronomical telescopes and 
accessories, catering for users of all age groups and abilities, from the novice right up to the serious advanced astronomer. 
Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical 
engineering, resulting in designs of suberb functionality, versatility and uncompromising levels of performance. 


130mm (5.1") F/900 NEWTONIAN REFLECTOR TELESCOPES 


¢ Magnifications (with optics supplied): x36, x72, x90, x180 » Highest Practical Power (Potential): x260 ¢ Diameter of Primary Mirror: 180mm 
¢ Telescope Focal Length: 900mm (f/6.92) * Eyepieces Supplied (1.25"): 10mm & 25mm _ x2 Barlow Lens *30% more Light Gathering than 114mm 
¢ R.A. Motor Drive With Multi-Speed Handset (Explorer-130M only) * Red Dot Finder » EQ2 Equatorial Mount »* Aluminium Tripod with Accessory Tray 


PARABOLIC REFLECTORS — PREMIUM FEATURES 

Both the SKYHAWK-1145P & EXPLORER-130P models below offer excellent all-round performance on 
The Moon, Planets & Deep Sky Objects. They feature premium quality Parabolic Primary Mirrors to 
eliminate spherical aberrations, producing even sharper, higher-contrast images which are full of 
detail. A “Paraboloidal” mirror is ground to a complex shape which brings all incoming light rays 
to a perfect focus, on axis. In addition they feature 0.5mm Ultra-Thin secondary mirror Sapa to 
reduce diffraction spikes and light loss. = 


114mm (4.5") F/500 


4 PARABOLIC NEWTONIAN REFLECTOR TELESCOPE 


¢ Magnifications (with optics supplied): x20, x40, x50, x100 
¢ Highest Practical Power (Potential): x228 

« Diameter of Primary Mirror: 114mm 

¢ Telescope Focal Length: 500mm (f/5) 

* Eyepieces Supplied (1.25"): 10mm & 25mm 

¢ x2 Barlow Lens » Parabolic Primary Mirror 

¢ 0.5mm Ultra-Thin Secondary Mirror Supports 

* Red Dot Finder Prod.Code 10709 
¢ EQ1 Equatorial Mount 

¢ Aluminium Tripod with Accessory Tray 
¢ 125% more Light Gathering than 76mm 


“The optics were so good... Captures star clusters and brighter 
nebulae beautifully... The planet (Saturn) was jaw-droppingly 
beautiful, with a host of fine detail visible... The review 
instrument certainly delivered in every important respect.” 

BBC Sky at Night Magazine 


EXPLORER-130 
(Without R.A. Motor Drive) 
Prod.Code 10922 


Explorer-130M 
Model illustrated 


REFLECTOR TELESCOPE 


EXPLORER-130M . 
(With R.A. Motor Drive) ¢ Magnifications (with optics supplied): x26 & x65 , 
Prod.Code 10713 * Highest Practical Power (Potential): x260 . Astronomy 


¢ Diameter of Primary Mirror: 130mm 5 < 4 - HOn 

* Telescope Focal Length: 650mm (f/5) . aS 

+ Eyepieces Supplied (1.25"): 10mm & 25mm A S ys Product 

¢ Parabolic Primary Mirror ° 

¢ 0.5mm Ultra-Thin Secondary Mirror Supports 

¢ Red Dot Finder » EQ2 Equatorial Mount 

¢ Aluminium Tripod with Accessory Tray 

yp * 30% more Light Gathering than 114mm 
‘Every class of object we viewed could “ 

be seen clearly... Taking everything into 

account, this telescope made observing 

the night sky enjoyable... great views 

coupled with ease of use." 

BBC Sky at Night Magazine 


Prod.Code 10712 


COMPREHENSIVE COLOUR CATALOGUE with 
Full Details of our EXTENSIVE PRODUCT RANGE 


“| have used a great number of as well as Helpful Information & Advice 
telescopes; some are good, some 


mediocre and some bad. To me the 
Sky-Watcher range of instruments Order Your FREE Cony Today 
Sy are very good indeed, & suited to 
4 amateurs of all kinds - and they are 
not priced out of the market! 
Excellent value. MAIL: IMOC@OPUCAIISIO! 
4 Use them and enjoy them.” 
Sir Patrick Moore CBE FRS (1923-2012) 


Our Products are Available from Dealers throughout the UK ove Please contact us, or Check our Website for your Nearest Stockist 


OPTICAL VISION LTD Importers and Distributors of Sky-Watcher 
UNIT 3, WOOLPIT BUSINESS PARK OPTICAL VISION LIMITED i i 


Astronomical Telescopes, Helios, Acuter, 


"| was most impressed by the views revealed by the ‘scope 
during tests... Despite a phase of nearly 96 percent, the 
waxing gibbous Moon revealed a seemingly inexhaustible 
amount of fine detail... Highly recommended!" 

Astronomy Now Magazine 


WOOLPIT, BURY ST. EDMUNDS www.opticalvision.co.uk Barr and Stroud Binoculars & Spotting Scopes 
SUFFOLK IP30 9UP www.barrandstroud.com and ‘Zenith’ Microscopes. 


